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ABSTRACT

Photodynamic therapy is a promising treatment fancer. It involves the
combination of a photosensitizer and light of aprapriate wavelength (laser source)
to cause the destruction of cancer cells. Phthalmaipes are second—generation

photosensitizers with enhanced photophysical atoghemical properties.

In this in vitro study the effect of aluminium (AITSPc) or zinc {I&Pc)
tetrasulfophthalocyanines in its inactive and acstate (laser induced) on melanoma
(skin cancer cells), fibroblast (healthy normalnskells) and keratinocyte (healthy
normal skin cells) cells was evaluated. For eachthef cell lines approximately
3 x 10 cells/ml were seeded onto 24-well cell culture ggaand allowed to attach
overnight, after which cells were treated with eiint concentrations of AITSPc or
ZnTSPc. The photosensitizers were synthesized atéhUniversity. After 2 hrs,
cells were irradiated with a diode laser at a wavgih of 672 nm and a beam
diameter of 1 cm. The laser power varied betweeB@MW and the irradiation time
was calculated to deliver a light dose of 4.5 JlcrPost-irradiated cells were
incubated for 24 hrs before cell viability was measl using the CellTiter-BIJ¥

Viability Assay.

Also, the efficacy of the light dose and laser seuwused for the Kkilling of
approximately 50% of the melanoma cancer cells wevestigated. AITSPc and
ZnTSPc decreased cell viability of melanoma caredis to approximately 50% with
photosensitizer concentrations of 40 pg/ml and Sfml respectively. These
photosensitizer concentrations caused a slightedserin the percentage cell viability

of fibroblast and keratinocyte cells. Results tloe dark toxicity assay showed that



both photosensitizers in the presence of high aunagons (60 pg/ml — 100 pg/ml)
showed cytotoxicity effects on melanoma cancessdaltheir inactive state. This was
not observed in fibroblast and keratinocyte celstied under the same experimental
conditions. The optimal AITSPc and ZnTSPc concéioina in combination with the
light dose of 4.5 J/ichwas the most efficient in killing the melanoma cancells
with reduced killing effects on healthy normal bbiast and keratinocyte cells when

compared to other light doses (2.5 Ficth5 J/crfiand10 J/cm).

The irradiation of cells photosensitized with theptimal photosensitizer
concentrations with a femtosecond laser using am@ser parameters to continuous
wave laser experiments resulted in a reductiomencell viability of healthy normal
fibroblast and keratinocyte cells compared to mataa cancer cells. The presence of
DNA degradation on agarose gel, morphological ckandike blebbing and
ultrastructural changes like nucleus condensatiditated that photodynamic therapy
treated melanoma cancer cells with the optimal eotations of AITSPc and
ZnTSPc induced cell death via apoptosis. This eated that low concentrations of
AITSPc and ZnTSPc activated with an appropriaterlasurce can be used to induce
cell death in melanoma cancer cells. Both AITSRt AmT SPc exhibit the potential to
be used as a photosensitizer in photodynamic thdmahe treatment of melanoma

cancer with the occurrence of minimal damage toosunding healthy tissue.
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CHAPTER 1

BACKGROUND AND AIM OF STUDY

Cancer is one of the major health problems in Sditica. Figure 1.1 shows the
expected incidence of cancers in South Africa iB®MData collected by the Cancer
Association of South Africa (CANSA) have reveatbdt one in six South African
men and one in seven South African women will gabcer during their lives

(McLeod, 2009).

Lymphomas and Leukaemia Oral cavity,
Myelomas 2.1%  Nasopharynx, Other
4.5% Btain, nervous syst pharynx
¥ 5.1%

Larynx and Thyroid
Bladder and Kidney etc. 3.1%

D Oesophagus
7.8%

Prostate and Testis
9

Lung
B.7%

Corpus uteri and Ovary
etc.

o
34% Stomach

3.6%

Colon and rectum
Cervix uteri
13.6%

Liver and Pancreas
3.4%

Melanema of skin
3.2%

Breast Kaposi sarcoma
12.4% 6.8%

Figure 1.1 Expected incidences of cancers in South Africad@9 (McLeod, 2009).



In the South African Health Review 2008, Day anéy5provided some information
on the death rates caused from cancer in the @ift@arovinces in South Africa. The
information indicated that the Western Cape had highest cancer death rates
followed by Gauteng, the Northern Cape and thedfasTape Provinces. The lowest
rates were found in KwaZulu—Natal (KZN), LimpopodaMpumalanga. The type of
cancer also differed enormously across the prosgindg@ch may be related to levels
of wealth and development, population group diffiess, demographic features of the
provinces, geographical differences, environmertglosures and access to health

services or other basic services (McLeod, 2009).

Current treatment in oncology is based on chemafheor large doses of ionizing
radiation. This is dependent on host tolerancethadype of cancer which limits the
extent to which these modalities can be applie@grdfore, skilled use of effective but

non-selective modalities is the present basis oblmgy (Calin and Parasca, 2006).

Photodynamic therapy (PDT) is an innovative caricegitment which has received
much attention recently. PDT is a very simple pplewhich requires three essential
components: a photosensitizer (PS), visible litdgefr source) and tissue oxygen. The
combination of these components can result in @strdction of tumor cells (Banéit

al., 2007). This oncology treatment is non- invasiveeomparison to conventional
surgical, excision, radiotherapy and chemotherdpgause the effect of PDT can be
localized by applying the laser light to the aféztsite only. It is considered to be an

inexpensive treatment that can be repeated if sacggKomerik, 2002).



An important consideration for PDT is whether tlamaer cells are more susceptible
to PDT-induced cell death than healthy normal cidlstabchiet al, 1998). Hence,

the fundamental prerequisite for optimal respolsphiotosensitization is a sufficient
amount of PS localized in the target tissue. Thusynderstanding of the mechanistic
and phototoxicity of PDT is essential to deterntime appropriate dose for successful

PDT treatment of cancer (Wyld, Reed and Brown, 2001

The aim of the study was to determine thevitro cytotoxic effect of aluminum
tetrasulfonatedphthalocyanine (AITSPc) and zincagetifophthalocyanine (ZnTSPc)
activated with continuous wave laser at a wavelengft 672 nm and the

(femtosecond) pulsed laser for the destruction elammoma cancer cells.

In order to achieve this aim, the following objees were set out:

* To determine the optimum concentration of AITSPd &mTSPc activated
with a continuous wave laser (CW) at a wavelength662 nm to Kkill
approximately 50% of melanoma cancer cells andctmeentration required
for minimal toxicity for healthy normal fibroblasind keratinocyte cells

* To verify the light dose and exposure time of t\W @ser by photosensitizing
the melanoma cancer, fibroblast and keratinocyts ogith the optimal
AITSPc and ZnTSPc concentrations

e« To compare the efficacy of CW laser with the feratad laser using the
optimum AITSPc and ZnTSPc concentrations

* To evaluate the mechanism of cell death using thgmoim treatment

parameters



The rationale for this research project is thaeaesh on the photodynamic effect of
AITSPc and ZnTSPc on melanoma cancer cells, healthsnal skin fibroblast and
keratinocytes have not been studied previously.s&hdrugs are produced and
provided by Professor Nyokong from Rhodes Univgr$South Africa. Therefore, the
photodynamic effect together with the cell deatlchamism of AITSPc and ZnTSPc
would be studied in this project using melanomeceaells. The toxic effects would
be investigated using healthy normal fibroblast ketinocyte cells. Also, this study
design may prove useful in determining the safety @alue of PDT as an oncology
treatment for skin cancers. The limitation of tetsdy is that it was carried oturt
vitro and therefore the results have to be investigatadvo for an “ideal PS” dose

evaluation.



CHAPTER 2

LITERATURE REVIEW

2.1 History of Phototherapy

Light has been used for therapy for more than ttireesand years. Ancient Egyptian,
Indian and Chinese civilizations used light to tre@arious diseases, including

psoriasis, rickets, vitiligo and skin cancer. A¢ tind of the nineteenth century, Niels
Finsen further developed “phototherapy” or the w$elight to treat diseases in

Denmark. He discovered that red-light exposure ey the production and

discharge of smallpox pustules. Niels Finsen atsadwiltraviolet light from the sun to

treat cutaneous tuberculosis and this was the begjrof the modern light therapy. In

1903, Finsen was awarded a Nobel Prize for his vaoriphototherapy (Dolmans,

Fukumura and Jain, 2003).

More than 100 years ago, researchers also obstratlight combined with specific
chemicals could induce cell death. In 1903 Heran Trappeiner and A. Jesionek
used topically applied eosin and white light tatreimors of the skin. They used the
term “photodynamic action” to introduce this phemymon. Experiments to
investigate the effect of combinations of reageartd light led to the discovery of
modern photodynamic therapy (PDT). In modern PWb individual non-toxic
components (light and photosensitive molecule)ratteto induce cellular and tissue
effects in an oxygen-dependent manner for the aiesin of the tumors (Dolmans,

Fukumura and Jain, 2003).



2.2 Basic Principles on Photodynamic Therapy (PDT)
PDT consists of two simple procedures Figure 2.1:
» The administration of inactive drug known as thetpsensitizer (PS)
* lllumination/ irradiation of the tumor to activatee drug (Triesscheijet al,

2006).

Application Accumulation Therapy

g

Photosensitiser

Figure 2.1 The basic principles of PDT. The photosensitizemjscted into the

patient and the photosensitizer is given some tismaccumulate at the cancer site
before the photosensitizer is activated by liglunfra laser source to selectively

destroy the cancerous cells (Hopper, 2000).

The PS is activated by the light and interacts wmblecular oxygen present in the
tissue. The interaction between the PS and the aulale oxygen results in the
formation of an excited state-reactive singlet @tygThis singlet oxygen is highly
cytotoxic and contributes to the destruction oftilmaor cells. There is normal healing
and re-epithelisation of the healthy tissue surdmgp the treated site (Hopper, 2000).
Most PS are administrated systemically via blo@dstr or applied topically for the
treatment of skin cancer. The PS is allowed to mcdate in the tumor cells before
light of an appropriate wavelength is directed athi® tumor (Figure 2.1). The depth
of effect that can be achieved is highly dependenthe PS and tissue type, because

human tissue transmits light most effectively ie tied part of the visible spectrum



(Figure 2.2). Therefore, second-generation PS lgaistrong absorption band in the
region of (630 nm and above) can be activateddspgh up to 1 cm. Treatment times
vary. The treatment time is related to the absonptf light by the PS and the

efficiency of transfer of light energy to oxygerepent in the tissue. First-generation
PS required treatment times that were 1000 secoh@seas second-generation PS
can induce effective cell killing with the treatntémrme of 200 seconds using a low-
power laser light. Laser light is coherent, monoamatic and can be directed along
fibre optic cables, allowing light to be introducedo hollow organs as well as deep-

seated tumors (Hopper, 2000).

Figure 2.2 An illustration of the optical visible spectrumlaght (from the violet to
the red region) of the electromagnetic radiatiod tnre wavelength is between 400-
700 nm (Jones, 2008).

2.3 Photosensitizers (PS)
A photosensitizer is a non — toxic, inactive or fasensitive drug that accumulates

preferentially in abnormal tissue (e.g. tumor) @dapable of absorbing light (laser)



at a specific wavelength. An ideal photosensitiperPDT would have the following

characteristics (Sharman, CM Allen and Lier, 1999):

Be chemically pure

» Composition is known and constant

» Should have minimal cytotoxicity in the absencéigiit and only be cytotoxic
in the presence of light

* Preferentially retained by the target tissue (eagcerous tissue)

* Rapidly excreted from the body

* High photochemical reactivity

» Produce singlet oxygen and reactive oxygen species

* Longer wavelengths (e.g. in the red region) faepdr skin penetration

» Strong absorbance peak at wavelengths around 800 f#m

* No skin photosensitivity

Many of the existing photosensitizers used for dierent types of cancers are

summarized by Dolmans, Fukumura and Jain (2008abie 2.1.

2.3.1 First — Generation Photosensitizers

Porfimer sodium was the first PS to receive apgr¢Vable 2.1). It is now licensed
for the use in the oesophagus, lung, stomach,xcaml bladder treatments. A light
wavelength of 630 nm is needed for the activatibnporfimer sodium and the
absorption band at this wavelength is weak. Theieffcy of energy transfer from
light to cytotoxic products is moderate and tispeeetration is limited. It could not

be used to treat deep-seated or larger tumors @tppP00). The therapeutic dose of



porfimer sodium resulted in skin photosensitivithigh persisted for many weeks

(Hopper, 2000).

Table 2.1 Registered and developing photosensitizers with their activation

wavelength for different types of cancers (Dolmdnggumura and Jain, 2003).

Sensitizer Trade name  Potential indications Activation
wavelength
HPD (partially purified), Photofrin Cervical®, endobronchial®, oesophageal®, 630 nm
porfimer sodium bladder® and gasiric cancers®, and
brain tumours
BPD-MA Verteporfin Basal-cell carcinoma 689 nm
m-THPC Foscan Head and neck tumours®, 652 nm
prostate and pancreatic turnours
5-ALA Levulan Basal-cell carcinoma, head and neck, 635 nm
and gynaecological tumours
Diagnosis of brain, head and neck, and 375-400 nm
bladder tumours
5-ALA-methylesther  Metbvix Basal-cell carcinoma”® 635 nm
5-ALA benzylesther Benzvix Gastrointestinal cancer 635 nm
5-ALA hexylesther Hexvix Diagnosis of bladder tumours 375400 nm
SnET2 Purkytin Cutaneous metastatic breast cancer, 664 nm
basal-cell carcinoma, Kaposi's sarcoma,
prostate cancer
Boronated BOPP Brain tumours 630 nm
protoporphyrin
HPPH Photochlor Basal-cell carcinoma 665 nm
Lutetium texaphyrin Lutex Cervical, prostate and brain tumours 732 nm
Phthalocyanine-4 Pc 4 Cutaneous/subcutaneous lesions from 670 nm
diverse solid tumour origins
Taporfin sodium Talaporfin Solid tumours from diverse origins 664 nm
*“Indications that are registered in one or more counfries (all other indications are in development). 5-ALA,
S5-aminolevulinic acid;, BPD-MA, benzoporphyrin dervative-monoacid ring A; HPD, haematoporphyrin
derivative; HPPH, 2-(1-hexyloxyethyll-2-devinyl pyropheophorbide-alpha: mTHPC, meta-
tetrahydroxyphenylchlorin: SnET2, tin ethyi eopurpurin.

The other most extensively studied first-generatiR® is porphyrins, which was
identified in the mid-nineteenth century (Dolmakskumura and Jain, 2003). They
are a group of naturally occurring and intenselpaged compounds (Josefsen and
Boyle, 2008). These compounds contain a porphurcttre with four pyrrole rings
connected by methine bridges in a cyclic confignratlong with a side chain that is
usually metallic. For example, the combinationrohiwith a porphin structure forms
haem (Dolmans, Fukumura and Jain, 2003). Hausma@ahl] conducted the first

studies with this PS and he reported skin reactiomaice that were exposed to this



PS. Friedrich Meyer-Bertz was the first to perfommvivo experiments by treating
himself with porphyrins. He observed swelling gain especially in light exposed
areas (Dolmans, Fukumura and Jain, 2003). Thesadwistages (swelling,
photosensitivity and pain) associated with thet-fygsneration PS have not prevented

the search for second-generation PS (Josefsen@yid, 2008).

2.3.2 Second-Generation Photosensitizers (PS)

First-generation photosensitizers encouraged theclsefor novel, chemically well-
defined photosensitizers with improved biologipedperties generally referred to as
“second generation photosensitizers” (Batfal, 2007). The second-generation PS,
benzoporphyrin derivative monoacid ring A (BPD — M#as been developed by QLT
Phototherapeutics (Canada) under the trade namel\is (Verteporfin, injection).
The chromophore of BPD-MA has long-wavelength abson maxima at
approximately 690 nm. Tissue penetration by lightheés wavelength is 50% greater
than that achieved for first-generation PS like fipggr sodium (wavelength at
630 nm). Verteporfin has further advantages ower first-generation PS as it is
rapidly excreted from the body within 1 — 2 daysnimizing patient photosensitivity.
It is also rapidly absorbed by the cancerous tissu80 minutes as compared to

healthy tissue at 150 minutes post-intravenou<iige (Josefsen and Boyle, 2008).

Another commercially available PS is Lutetium Telxgm, marketed under the trade
name Lutex and Lutrin (Pharmacyclics, USA). Th&iB a modification of the first-

generation PS porphyrins (Josefsen and Boyle, 2008 modification of the pent—
aza core of the porphyrin resulted in Lutetium T@xain having a strong absorption

at a wavelength of 730 nm — 770 nm of the electgmatic spectrum. At this range
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tissue transparency is optimal. As a result, Lutag the potential to be used in PDT
with the advantage that it can effectively treagéa tumors and deep-seated tumors

(Josefsen and Boyle, 2008).

Among the more promising second-generation PS htleajpcyanines (Decreaet
al., 1999).Phthalocyanines are chemically pure compounds @2e@t al, 1999).
They also contain azaporphyrin derivatives whictehstronger absorbance at longer
wavelengths. Phthalocyanines have characteristsorpbon spectra with a strong
Soret absorption peak at approximately 350 nm, akweaximum around 600 nm and
a narrow, very strong, absorption peak in the éar-region of the visible spectra
around 680 nm, where tissue penetration by vidiglg is greater (Allen, Sharman

and Van Lier, 2001).

An attractive feature of phthalocyanines is thatptoperties can be changed using
different central metal ions (e.g. zinc or aluminumthe phthalocyanine core. This
advantage can be used to enhance phototoxic #ctiit ring substitution in
phthalocyanines (Figure 2.3) with sulphonated gsowpl render them water soluble
(Kolarova et al, 2007). The most common water-soluble complexes the
sulfonated metallophthalocyanine. The solubility B in water is an essential
characteristic because blood is water-based. Wstéwble phthalocyanines are
desirable photosensitizers for PDT because phtiatices can be easily absorbed by

blood, when administrated intravenously (Nyokor@)?2).

Additionally, the PS will have to transverse lipgitembranes for cellular uptake so it

should also be lipophilic (Nyokong, 2007). Litenagstates that the less sulphonated
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phthalocyanines are more lipophilic. It is knowrattltellular uptake by cancerous
cells and targeting subcellular organelles occurenedficiently with lipophilic PS,

due to better diffusion through the cell membramhkerefore, the high tumor to
normal tissue ratio after 1 - 3 h is 1:8 (Kolarataal, 2007). Studies have shown
that tumor selectivity can be increased furtheubiyng a biologically compatible drug

delivery system or drug carrier like liposomes éhll Sharman and Van Lier, 2001).

The parameters affecting the localization of P&umors do not only depend on the
lipophilic character of the PS, but also whether BE is hydrophobic or hydrophilic
in nature. It is well accepted that the selectiuityreases with the lipophilic character
of the PS (Ochsner, 1997). The administration afrbghobic PS generally binds to
high density lipoproteins (HDLs) and low densitpdproteins (LDHs) distributed
within the blood system and transported to the gnaint tissue with a distinct
selectivity (Ochsner, 1997)n vivo andin vitro studies have indicated that lipophilic
PS such as zinc (ll) phthalocyanine have a tendembg taken up directly by tumor
cells expressing a particularly large number of oeme receptors e.g. LDLs (Fabris,
2006). Following receptor-mediated endocytosis Bt molecules preferentially
accumulates in the lipophilic compartments of tummells including plasma,
mitochondrial, endoplasmic reticulum, nuclear apsosomal membrane for direct
cell killing. Microscopic measurements revealed tinadrophilic PS or water-soluble
phthalocyanines which are largely carried by alburand other serum proteins
preferentially accumulate within the interstitigpage and vascular stroma of the
tumor tissue (Fabris, 2006). Due to the PS hyditapbtiharacter its ability to diffuse
across the plasma membrane into the cytoplasmnmitell (Fabris, 2006). Therefore

the cytotoxic potential of membrane-associatedplipiic PS is higher than that of
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hydrophilic PS. The primary localization of the Btfongly depends on the lipophilic
or hydrophilic character of the PS considered. Baf2006) has shown that topical
formulation of phthalocyanines can penetrate sigffiity into the epidermal layers.
This makes phthalocyanine an ideal photosensitarethe treatment of skin diseases
or cancers. The use of phthalocyanines in PDTHertteatment of cutaneous cancers

needs to be explored in more detail (Fabris, 2006).

|”
N MmN

|

hl

Figure 2.3 General phthalocyanine structure where M is théraemetal atom (Al,

Zn, Co, Ga or Si) and R represents a multitudeossible ring substituent including
COOH, F or SGH (Allen, Sharman and Van Lier, 2001).

2.4 Light Source - Laser
The term “laser” is an acronym faoight amplification by stimulated emission of
radiation. A laser is constructed using three mpjanciples as illustrated in Figure
2.4.

* An energy source (pumps or pump source)

* A gain medium or laser medium (e.g. crystal, dys)g

» Two or more mirrors that form an optical resonator
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The pump source is the energy provider for therlagstem. The type of pump
source depends on the gain medium (Paschotta, 2008 gain medium is the
major determining factor of the wavelength of ofieraand other properties of
the laser. There are numerous different typesaof gnedium e.g. liquid, gases,
solids, semiconductors. The optical resonator drcab cavity is two parallel
mirrors placed outside the gain medium which previgedback of the light. The
mirrors are given optical coatings which determtheir reflective properties
(Paschotta, 2008). One mirror will be a high rdflecand the other partial
reflector. The latter is known as the output couplecause it allows some of the
light to leave the cavity to produce an output idseam. The light produced by
spontaneous emission from the medium is reflectethé mirrors back into the
medium, where the light may be amplified by stinbethemission (Paschotta,
2008). Thereatfter, the light may reflect from therars and thus pass through the
gain medium numerous times before exciting the tgavihe design and
alignment of the mirrors with respect to the gaiedmm is important for the
determination of the exact operating wavelengteerdautput power and other
attributes of the laser system. Other optical dev/guch as modulators, filters and
absorbers may be placed within the optical resonttoproduce a variety of
effects on the laser output such as altering thpubyower, or size of laser beam

(Paschotta, 2008).
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Figure 2.4 Set-up of a simple optically pumped laser. The tydvetween the highly

reflecting mirror and the output coupler is knows the laser resonator, which
extracts some of the circulating laser light asdbgput beam. Laser crystals are the

gain medium (Paschotta, 2008).

Also, lasers are operated in a continuous or pulsede (Paschotta, 2008). A
continuous wave (CW laser) operation of a lasermaehat the laser is continuously
pumped and continuously emits light. A pulsed dasaits pulses with durations of
microseconds, nanoseconds, picoseconds or femtueqoltrashort pulses from
mode-locked lasers). There are a number of metfovgsulse generation with pulsed
lasers (e.g. femtosecond laser). The laser resopaftains either an active element
(an optical modulator) or a non-linear passive eeh{a saturable absorber), which
causes the production of an ultrashort pulse atmg in the laser resonator

(Paschotta, 2008).

2.4.1 Lasers in PDT
The choice of light sources for PDT is determingdhe following factors

(Alexiades-Armenakas, 2006):
* The optimal wavelength for the maximum absorptibthe PS

* Adequate power to deliver the requested fluence aad light dose to drive

the PDT reaction illustrated in Figure 2.5 (A)
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* The penetration depth of the light through theust reach the tumor as

illustrated in Figure 2.5 (B)

Power Adsorptio Penetration Levels of

00 0 Different Wavelengths

= B Tissue
A Tissue
‘ 630nm

=]

; 850 nm -
850 nr 890nm

=

Figure 2.5Fluence Rate (A) and penetration depth increasesation to wavelength

across the visible spectrum (B) (Satino and Mar2003).

Lasers are frequently used in PDT as a light sobecause lasers are:

Monochromatic (one colour or wavelength)

* A highly directional beam with low divergence

» Capable of being focused into a very small spot

« Uniquely capable of producing ultra-short pulses 10° - 10 sec i.e.
nanoseconds to femtoseconds) and a coherent lighin b(Mitton and

Ackroyd, 2008)

Lasers are used in many medical applications liR& Because of their availability
and convenience. Recent developments in laser aémgwy have produced highly

compact and energy—efficient solid state laser<hwviosan readily be integrated with
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efficient delivery systems (such as optical fibres)issues or internal tumors that are
deep-seated in the body. In case of a superfiial cancer, a direct illumination

method can be used (Mitton and Ackroyd, 2008).

In 2000 Diomed Incorporation (Andover, MA) gaineDA approval for their 630 nm
diode laser to be used for the activation of Phistdfin the treatment of oesophageal
and lung malignancies. These lasers representezlvageneration of laser devices
entering the medical field and a remarkable breakidph in laser technology for PDT
(Mang, 2004). Diode lasers can be used in contisusmave mode or pulsed
(picosecond to millisecond) making them very velsat The power supply is also
compact and diode lasers are generally air—coolbgy are easy to operate and
portable making this device ideal for laboratoryctinical settings. Diode lasers have
been used in the treatment of various skin lesiora,cavity and age—related macular
degeneration of the eye. At present diode lasers affer only a single output
wavelength (Brancaleon and Moseley, 2002). Howel@ile laser systems are being
developed that will contain multiple wavelengthsl atlow selectivity of wavelength

according to treatment requirements (BrancaleonMwoskley, 2002).

In the past few years the development of femtosg¢asers has advanced to a stage
where their use in phototherapy (and PDT in padigus possible. A femtosecond
laser emits optical pulses with duration well belowe picosecond or ultrashort
pulses (one femtosecond =*¥Geconds). The advantage of this laser is thuffdts
multiple excitation wavelengths and the incidemédration is in the near infrared

region, and as a result penetration into tissueldvbe much greater. This is an
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attractive feature especially for the treatmentest superficial lesions (Brancaleon

and Moseley, 2002).

New laser technology and laser development is goatisly improving laser therapy.
Laser sources like the diode laser will become Emnahnd more powerful.
Developing the laser into a more universal tooll wi¢ a large step forward in

improving the safety and effectiveness of lasatiment (Steiner, 2006).

2.5 Photochemical and Photophysical Principles of PDT

Molecular oxygen 30,) that is present in tissue exists in its grouratestontaining
two unpaired electrons with parallel spins in twegenerate anti-bonding orbitals,
which gives it a spin multiplicity of three. Singlexygen {O,) in its excited singlet
state is characterised by paired electrons withosipp spins in the outer orbital

(Plaetzeeet al,, 2009).

It is this singlet oxygen that is an essential congnt in the PDT process as shown in
Figure 2.6. The production &0, in PDT involves two important processes:

» Light absorption by the PS at an appropriate wanggle

* PS capable of absorbing the light and energy fieans
This is a simple and controllable method for thedpiction of'0,in PDT Themain
role of processes mentioned above is to excite entde oxygen to its singlet state

(DeRosa and Crutchley, 2002).
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Figure 2.6 Mechanism of action of PDT (Dolmans, Fukumura aaid,2003).

During PDT, the ground state PS contains two edestwith opposite spins in a low
energy molecular orbital; known as the singletestdihe laser light is absorbed in
form of photons by the PS and one of the electpyasent in the ground state PS is
excited into a high—energy orbit, but keeps its1$ppm the first excited singlet state.
This state is short lived and loses its energy tmttang fluorescence light or by
internal heat conversion (Robertson, Evans and Wsmse, 2009). The excited
singlet state PS may also undergo a process whénebspin of the excited electron
inverts to form a relatively long-lived excitedpiet-state that has electrons which
spin in a parallel conformation. Thereafter, thaation pathways of the activated PS
in that excited triplet state can be characterasedype | or Type Il photoreactions
(Figure 2.7) and these reactions are importantierinduction of cell death or cell

destruction (Robertson, Evans and Abrahamse, 2009)

In Type | reaction the activated PS can directlgctewith a substrate (e.g. cell
membrane or molecule) and transfer a proton ordgeir atom to form free radicals.

These radicals will react with oxygen present i tissueo produce reactive oxygen
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species (ROS). In Type Il reaction, the activat&difrits triplet state will transfer its
energy directly to molecular oxygen (a triplet foomthe ground state), to form an
excited state singlet oxygen. This highly reactoaen of oxygen will react with many
biological molecules (e.g. lipids, proteins or raicl acid). Type | and Type I

reactions can occur simultaneously (Robertson, £aad Abrahamse, 2009).

Type-1 photoreactions

pr+g — P+

/ P+0; —— 3 P+0;

B i . .
3p* + ) ————3 PT+ 03

Type-IT photoreaction

3px + 30, ————m> 'p+ 10,
'0,+8  ———m 5(0)

Figure 2.7 Overview of photochemical reactions during PDT. @ylpand Type Il
reactions!P is a PS in ground staff® is a PS in a triplet excited state, S is a satsstr
molecule, Preduced PS molecule,” $ an oxidised substrate molecule; i© the
superoxide radical. 'Hs the oxidized PS0; is triplet ground-state oxygenQ; is
oxygen in a singlet excited state, and S (O) isgexy adduct of a substrate
(MacDonald and Dougherty, 2001).

The amount otO, produced during each reaction pathway dependsrer factors:
* Type of PS used and the dose of PS
» Concentration of substrate available
* Concentration of oxygen present in the tissue (Rebe, Evans and

Abrahamse, 2009).
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PDT is highly dependent on the above factors aadathount ofO, produced, which
is the primary cytotoxic agent responsible the mesibn of tumor cells (Robertson,

Evans and Abrahamse, 2009).

Literature states that phthalocyanines are efficiégpe Il reaction pathways
sensitizers (Rosenthal and Ben—Hur, 1995), whidhasheart of photo-initiated cell
death (Josefsen and Boyle, 2008). ROS can iniidaéege number of reactions with
biomolecules, including amino acids residues intgns and these interactions cause
damage and potential destruction to cellular memdgsand enzymes resulting in cell

death of cancer cells (Josefsen and Boyle, 2008).

Both Type | and Type Il reactions are oxygen depehdnd in the absence of oxygen
the photochemical reactions can not proceed whiehns cell destruction of cancer

cells does not occur (Stewart, Baas and Star, 1998)

2.6 Photobiology Principles in PDT

The increasing recognition of PDT as an efficacicaacer treatment requires the
understanding of the interaction of light and bgxal tissue in order to enhance the
destructive action of targeted tissue (Luks8je2003). The first law of photobiology

states “for low-power visible light to have any exff on biological system, the

photons must be absorbed by electronic absorptiand$ belonging to some

molecular chromophore or photoaccepto(Castano, Demidova and Hamblin, 2004).

Light is either scattered or absorbed when it entiee tissue. The absorption process

is due to endogenous tissue chromophores suchnasghebin (Hb), oxyhemoglobin
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(HbG,), melanin, water and cytochromes. Biological tessg considered to be
inhomogeneous because it contains macromolecuddisprganelles, organized cell
structure, interstitial layers etc which makes utbid (Castano, Demidova and
Hamblin, 2004). Multiple scattering of light in $ise will occur within turbid medium
resulting in spreading of the light beam and lofglicectionality. Scattering is a
major limiting factor in the penetration of lighhto tissue. Both these processes
depend on tissue type and laser light waveleng#st@ho, Demidova and Hamblin,

2004).

Castano, Demidova and Hamblin (2004) found that @#fsorption of shorter
wavelengths of light by the important tissue chopimores (Hb, Hbg) and melanin)
together with reduced light scattering at longewekangths including the occurrence
of water absorption at wavelengths greater thar® 180 has led to the concept of the
“optical window” in tissue as illustrated in Figu2e8. The absorption spectra of these
molecules also define the therapeutic window folTHD tissue. It is important to
note that hemoglobin (Hb) and Hb€how different absorption features in the range
of 600 - 800 nm, which is commonly used in PDT. rEhenight be a reasonable
differencein vivo in the amount of Hb and Hb(between healthy and cancerous
tissue due to the possible lower oxygenation anafptie latter. When using PDT as
a treatment for solid tumor the effective penebtratdepth is of great relevance
(Plaetzeret al, 2009). Therefore, the effective tissue pemietnaof light is at its
maximal at red and near-IR wavelengths (Figure. ZBus, although blue, green, and
yellow light may have significant effects on cefjsowing in optically transparent
culture medium, low-level laser therapy (LLLT) useanimals and patients require

red and near-IR light (600 — 1070 nm). In termsP®T the average effective
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penetration depth is about 1 - 3 mm at 630 nm. ihbeeased penetration depth of
longer wavelength light is a major incentive foretldevelopment of PS like
phthalocyanine which has absorbance values at tomgeelengths at about 600 —
800 nm (Castano, Demidova and Hamblin, 2004). U$e of PS with absorption
peaks at wavelengths greater than 700 nm (or ewgimef) should double the

penetration depth and thus enable treatment dfehittimor (Plaetzest al, 2009).
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Figure 2.8 The optical window in tissue with absorption spaatf important tissue
chromophores plotted on logarithmic scale (CastBemidova and Hamblin, 2004).

It is important that the absorption spectrum of #® corresponds to the optical
window where tissue penetration is the deepestlandnergy of the triplet state PS is
apparently sufficient for singlet oxygen producti@laetzeet al, 2009). Among the

cytotoxic substances (ROS & radicals) producedripfet state PS, singlet oxygen
(from Type-ll photochemical reactions) predominatelpresents the most important
effector in PDT (Plaetzest al, 2009). In the cellular environment these cytao

substances cause cell death or tissue destrué&t®n. consequence, the intracellular
localization of the PS greatly determines the eiteellular damage and cell death

mechanism set by PDT (Plaetzsr al, 2009). These cytotoxic substances have a
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short half-life and act close to the site of getiena The type of photodamage that
occurs in cancer cell loaded with PS and irradialegends on the precise subcellular

localization of the PS within the cell.

2.6.1 Subcellular localization of PS
The intracellular distributions or accumulation caltured cells for a variety of
photosensitizers that have differing structures ehalbbeen determined by
Castano, Demidova and Hamblin, 2004. The photosesisican localize at the
following sites in a cell:

* Lysosome (Kessel, 2006; Castano, Demidova and Han#l04)

» Mitochondria (Kessel, 2006; Castano, Demidova aachblin, 2004)

* Plasma membrane (Kessel, 2006; Castano, Demidavel@mblin, 2004)

* Endoplasmic reticulum or ER (Kessel, 2006; Castabemidova and

Hamblin, 2004)

* Golgi apparatus (Castano, Demidova and Hamblin4 200

Second-generation photosensitizers are design@gget a certain site within a cell as
illustrated in Figure 2.9. This would help in fygring the effective cellular signals
needed for expressing the pro-apoptotic factorg. (Bax) for the induction of
programmed cell death (Kessel, 2006). Plasma merabnaonocationic porphyrin
(MCP) is designed to localize in the plasma membrainthe photosensitized cells.
The cationic PS tin octaethyl-purpurin amadine@BA) and Lysyl chlorine e6
(LCI) can localize in various sites e.g. mitochaad(mito), ER and lysosomes
(Kessel, 2006). Photosensitizers like meta-tetredwygphenyl chlorin (mTHPc), 9-

capronyoxyter-akismethoxyethyl porphycene (CPO)umahium phthalocyanine
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(AlIPc), 2-devinyl-2-lI-hexyloxyethyl pyropheophorleid(HPPH), tin etiopurpurin
(SNET2), lysyl chlorin p diester (LCP), Lutetium XEphyrin (LuTex), mono L
aspartyl chlorin e6 (NPe6) and dichlorophenol (D@Ran localise in the ER, and in
lysosomes (Kessel, 2006). Phthalocynanines (PphBtofrin and Benezoporphyrin
derivative (BPD) can localise in the mitochondriadathe ER. Dicyclopentenyl

acrylate (DCPa) can only localise in the mitochaa@essel, 2006).
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Figure 2.9 Localization sites of a variety of “second genenatiPS (Kessel, 2006).

The important structural features of a photosereitivhich play a role in determining
the localization site within a cell are (Castanenptddova and Hamblin, 2004):

* The net ionic charge which can range from -4 (aicjaio +4 (cationic)

» The degree of hydrophobicity

* The degree of asymmetry present in the molecule
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The PS which are hydrophobic and contain two os lesgative charges can easily
diffuse across the plasma membrane to relocatethar antracellular membranes.
Also, thein vitro cells tend to have a greater uptake of these R®rmapared to in

vivo cells especially when the PS of this nature issgmé in relatively low

concentrations in the medium (< 1 pM). The lessrbgdobic PS which contains
more than 2 negative charges tends to be too polaliffuse across the plasma
membrane. Therefore, less hydrophobic PS are takeby a process known as

endocytosis (Castano, Demidova and Hamblin, 2004).

Studies have shown that PS localised in the lysesocan lead to cell death upon
irradiation but the efficacy is lower than PS lesadl in mitochondria or in other
organelles (Castano, Demidova and Hamblin, 2004j)s Tcould be due to the
tendency for PS with greater degrees of aggregatiaaccumulate in lysosome. PS
that possess characteristics like having a netnanicharge of -2 or greater
accumulate in the lysosome (Castano, Demidova amdlin, 2004). PS that localize
in the lysosome induces cell death by activating #poptosis pathway via two
different routes:

* Redistribution of the PS after irradiation to thgoplasm more specifically,
the nucleus, photodynamic permeabilization of tlkggosomal membrane
allowing the PS to leak out into the cytoplasm (@as, Demidova and
Hamblin, 2004)

* The release of lysosomal enzymes in the mitochar{@forgan and Oseroff ,

2001)
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This is a slower initiating process of apoptosianttihat induced by mitochondrial
based PS. Research indicates that mitochondriallaégation is an early step leading
to cell death and states that the mitochondriaindral in effecting death signals from
upstream events (Morgan and Oseroff, 2001). Thexetbe localization of the PS in
the mitochondria allows for the direct initiatioh apoptosis because upon irradiation
specific pathways are activated rapidly for theeask of cytochrome C from the
mitochondria into the cytosol of the PDT treatedlsceCytochrome C release can
cause the initiation of a cascade of events leatlinghe activation of cytotoxic
caspases 3 and 9, and subsequently the occurrénthe @nal stages of apoptosis
(Moor, 2000). PS localized to non-mitochondriajamelles and redistribute into the
mitochondria after irradiation also cause depoddin of the mitochondria by a
common pathway. It should be noted that mitoch@halepolarization also may lead

to early steps associated with necrosis (MorganGsetoff, 2001).

The functional mitochondria have polarized membsanath the inside being
negatively charged relative to the outside. Thidus to a combination of a membrane
potential and a pH gradient produced by proton pgagpt respiratory chain proteins.
The polarization together with the presence of gigdpids and proteins in the outer
and in inner membranes influence the distributibthe PS. Cationic PS accumulates
in the mitochondrion which is also dependent onRBedegree of lipophilicity and the
extent of their delocalized charge. In the preseotea series of cationic zinc
phthalocyanines the more lipophilic members entéihedmitochondria more readily
than the less lipophilic molecules, indicating tipasitively charged PS may need
additional characteristics than charge for promegdting (Morgan and Oseroff,

2001).
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The plasma membrane is the preferred site of toatadin for hydrophobic PS and a
number of signaling pathways can be activated fribms level (Moor, 2000).
Characteristics like plasma disruption and cell IBage were observed immediately
after PDT. DNA fragmentation and phosphatidylsergernalization were not
detected in the cell death process induced by Rigime (Castano, Demidova and
Hamblin, 2004). It has been hypothesized by thatubyg photoactivation of PS
localized in the ER to stimulate a rapid increaséntracellular levels of calcium is
sufficient to trigger cell death as part of a sdressponse via mitochondrial cell death
machinery (Buytaert, Dewaele and Agostinis, 200Vherefore, PDT leads to
destabilization of mitochondria or ER-membranesistincreasing the concentration
of cytosolic calcium which opens the mitochondpate to induce apoptosis (Plaetzer

et al, 2003).

Although PDT can activate many signalling eventsatiis, the main aim is generally
to kill cancerous cells. There is an existence ahynpathways whereby mammalian
cells can die and some of these pathways or presesm be initiated by PDT. The

mode and extent of cell death depends on:

Concentration of the PS

» Physical and chemical properties of the PS

» Subcellular location of the PS

» Concentration of the oxygen present in biologitue
* The wavelength

* Intensity of the light and fluence rate

» Cell type specific properties (Castano, Demidova ldamblin, 2005a)
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2.7 Modes and mechanisms of cell death in PDT
Researchers in the field of PDT have looked at dbeurrence of apoptosis and
necrosis bothn vitro andin vivo because of the intense interest involving celthlea
mechanisms (Castano, Demidova and Hamblin, 200%&Y.e are three distinct types
of cell death mechanisms:

* Necrosis

* Apoptosis

* Autophagy

2.7.1 Necrosis

Necrosis is known as accidental cell death caugeexbreme external physical and
chemical damage. It is morphologically charactetizey cytoplasm swelling,
destruction of organelles and disruption of thespla membrane, resulting in the
release of intracellular contents and inflammatem illustrated in Figure 2.10.
Disruption of the plasma membrane occurs due t@lthigy of the plasma membrane
to control the passage of ions and water is inpeed; and the cell contents leak out
leading to an inflammation of surrounding tissuBaytaert, Dewaele and Agostinis,

2007).
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Necrosis

Figure 2.10Morphology of dying cells via necrogjga) destruction of organelles and
disruption of the plasma membrane (b) release adfadellular contents and

inflammation(Blom, 2000).

Necrosis is a passive and unorganized way in wtedlls die. Recent evidence shows
that necrotic death can be propagated as part sigmal transduction pathway
activated by switching on gene transcription (Feg@rll). The signal transduction
pathway which occurs in certain cell lines involtke engagement of TNF (Tumor
Necrosis Factor) and Fas receptors triggeringasecthrough the activation of RIP1
(receptor interacting protein 1) kinase, under ititebition of caspase . RIP1 is the
main element for the JNK (c — JunN — terminal Kejasmediated necrotic cascade
activated by poly (ADP-ribose) polymerase-1 (PARPllowing oxidative stress

injury (Buytaert, Dewaele and Agostinis, 2007).
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In PDT, a shift from apoptotic to necrotic cell treasing a specific PS can usually be
initiated by (Plaetzeet al, 2003):

» high fluences (light dose)

* high PS concentrations

* lipophilic and anionic dyes localize in membransteyns
The intensity of the PDT dose creates a massivacti@h of ROS leading to an
immediate bioenergetic catastrophe such as a decrieaATP levels and general
metabolic inhibition (inhibition of mitochondrialneymes). Also, the PS which
localize in membrane systems act on the membraolesterol and other unsaturated
phospholipids causing their peroxidation (Plaeteeral, 2003). This result in
changes occurring in the cell e.g. membrane periitgalboss of fluidity, cross—
linking of amino lipids, cross—linking of polypegts, inactivation of membrane
associated enzyme systems and receptors. Thisscausss of membrane integrity
and ion homeostasis and might be the prime reawsothé occurrence of necrosis in

PDT treated cells (Plaetzer al, 2003).
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2.7.2 Apoptosis

Apoptosis is one of the best-studied cell deathhraeisms as it is considered to have
the most wide spread physiological, pathological #rerapeutic role (Kerr, Wyllie
and Currie, 1972). The execution of apoptosis @isrithe balance between cell
proliferation and cell death, eliciting a spectraidiseases including cancer. It is
morphologically characterized by blebbing membracel] shrinkage, chromatin
condensation, cleavage of chromosomal DNA into rinteleosomal fragments,
formation of apoptotic bodies (apoptosome) withplasma membrane breakdown
and phagocytosis by neighbouring cells as illusttain Figure 2.12 (Buytaert,

Dewaele and Agostinis, 2007).
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condenses completely (C) Formation of apoptoticig®odD) The morphologically

changes require the activation of specific apoptisdchemical pathways (Hacker,
2000).
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Apoptosis in contrast to necrosis is an ATP or gmeequiring process. The
apoptosis depends on energy equivalents in the ffriATP or GTP. Thus, the
formation of apoptotic bodies as well as morphatabichanges requires ATP or

equivalents (Plaetzet al, 2003).

Apoptosis or “programmed cell suicide” can be metlavia two major apoptotic
pathways namely:
» Death receptor mediated or extrinsic pathway

* Mitochondria-mediated or intrinsic pathway (Almeietaal., 2004)

The extrinsic pathway (Figure 2.13) is mediatedhmsy activation of death receptors.
Death receptors belong to the tumor necrosis faeteptor (TNFR) gene family and
include TNFR-1, Fas/CD95 and TRAIL (TNF-Related Afmsis-Inducing Ligand)
receptors e.g. DR-4 (Death Receptor 4) and DR-&afD&eceptor 5). These death
receptors which are cell surface receptors arestnéiters of apoptotic signals after
ligation with specific ligands. The adaptor mole=ullike FADD (Fas-Associated
protein with Death Domain) or TRADD (TNF Receptossdciated protein with
Death Domain) contain their own DDs by which theg eecruited to the DDs of the
activated death receptor. This leads to the foonadf the death inducing signalling
complex (DISC). Also, the adaptor FADD has a dedtlctor domain (DED) which
through homotypic DED-DED interaction sequesterscaspase-8 to the DISC. This
will trigger the release of active caspase-8 aitdéhtion of effector caspases (caspase-
3, caspase-7 and caspase-6) for the execution apft@gps (Denault and Salvesen,

2002).
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Figure 2.13 The extrinsic pathway starts outside the cell thhothe activation of

specific pro-apoptotic ligand and receptors (deabeptors) on the cell surface.
Ligands (e.g. TRAIL) bind to receptors (e.g. DRS) the triggering of apoptosis
imitators (e.g. caspase 8) within the cell for &éhecution of apoptosis (Ashkenazi,
2002; Johnson, 2009).

In the intrinsic pathway the mitochondria plays enttal role (Figure 2.14). The
permeabilization of the mitochondrial membraneailissin the release of several
apoptosis proteins. The mitochondrial membrane pahitization (MMP) depends
on two mechanisms (Buytaert, Dewaele and Agostitiey):
« Favoured mitochondrial Gauptake and by the exposure of mitochondria to
damaging ROS
* Formation of proteinaceous channels in the outdoahondrial membrane
(OMM) through the process involving oligomerizatioh pro—apoptotic Bel
members or interaction between BclpPoteins and voltage-dependent anion

channel (VDAC)

During the permeability of mitochondrial membrangoptosis proteins which are

stored in the inter-mitochondrial membrane spabtSjlare released into the cytosol
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(Buytaert, Dewaele and Agostinis, 2007). IMS apspt@roteins such as cytochrome
C, Omi/HtrA2 (Omi stress-regulated endoproteasejhHiemperature requirement
protein A 2) and Smac/DIABLO (Second Mitochondriafived Activator of caspase
/ Direct IAP Binding protein with a low pl), inclirlg apoptosis-inducing factor (AIF)
and endonuclease G (Endo G) are activators of sasp@uytaert, Dewaele and
Agostinis, 2007). When cytochrome C is released thie cytosol it immediately
binds to Apaf — 1 (apoptotic protease-activatingtda 1) forming a complex called
apoptosome in the presence of ATP or dATP and rissilts in the activation of
procaspase-9. Caspases activation is promoted byHOAR and Smac/Diablo
antagonizing the activity of inhibitors of caspa@éds®s). AlF and EndoG translocate
to the nucleus to mediate chromatin condensatiod BMNA fragmentation,

independently from caspase signaling (Buytaert, &davand Agostinis, 2007).

The Bcl-2 protein family contains 20 members cossipg one of four Bcl-2 domains
(BH1 to BH4). The anti-apoptotic Bcl-2 proteinsgieBcl-2, Bcl-X_, Bcl-w) contain
all four residues and are located at the cytoplasme of the cellular membranes of
the mitochondria, ER and nucleus. The pro-apopttic2 proteins contain BH123
multidomain (e.g. Bax, Bak) and BH3 only proteirsg( Bid, Bad). Therefore, the
molecular cross-talk between the intrinsic anttiesic pathway is granted by the
caspase-8 mediated cleavage of the cytosolic pr@@el as truncated Bid (tBid) ,
which translocates to the mitochondria to faciitétte release of cytochrome C into

the cytosol (Buytaert, Dewaele and Agostinis, 2007)

35



__——__ Death Signals

Ligand binding

FasL dfe -

Fas ‘?Z‘T‘E (ID

Tpditant? N
slelats = v
TR / Asﬁfnﬂ?ﬂiﬁ .. @ EndoG

ool DISC / ” L B e 0AarF -

Procaspase-8 ./; - * om 1aPs

Frocaspase-9
,-’f’ ‘,’\\ Apaf-1
3 I / ATP/AATP

_— "
r= =
Caspase-8 | [ Caspase-9 Apoptosome

34
Caspase-3/7

DMA fragmentation
Apoptosis

Figure 2.14The intrinsic or the mitochondrial pathway is iated by the release of

apoptogenic factors (e.g. cytochrome c) from th&ermembrane space of the
mitochondria into the cytosol for the activation @boptosis initiators known as

caspases (Buytaert, Dewaele and Agostinis, 2007).

In PDT, the critical role of apoptosis in photosamed cells has been largely
documented. Figure 2.15 illustrates some of théuleeland molecular signalling
pathways leading to apoptosis that have been faanoccur in cells treated with
PDT. It has been observed that during PDT-mediapdptosis mitochondrial
transmembrane potential progressively collapsesadellular ATP levels steadily
decrease and damage to the mitochondria beconernsible cell death. This is
largely true for PS that locates in the mitochoadiThis includes porphyogenic
sensitizers and phthalocyanine-related compoundshwhpon irradiation swiftly

mediate MMP.
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Figure 2.15Cellular and molecular signalling pathways leadmgpoptosis that have
been found to occur in cells treated with PDT. Tigal targets of PDT-generated
ROS depend on the PS localization (Castano, Deraidad Hamblin, 2005a).

The mitochondria are also important initiators ell death pathways resulting in the
photodamage of other subcellular sites or orgameleillustrated in Figures 2.15 and
Figure 2. 16 (Buytaert, Dewaele and Agostinis, 7Z0®S located in the lysosomes
release cathepsins upon PDT and this promotes Bdlated apoptosis. ER localized
dyes initiate active cell death by releasing”’Qato the cytoplasm as depicted in

Figure 2.15 and Figure 2.16 (Plaeteeal, 2003).
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Figure 2.16 The interplay between the localization of the P8 different molecules
for the activation of dependent mitochondrial apsi (Buytaert, Dewaele and
Agostinis, 2007).

In PDT the production of ROS in the mitochondriarothe cytoplasm are the potent
inducers of apoptosis (Figure 2.16). Several tlesohave indicated that links exist
between PDT-produced ROS and mitochondrial poreniagewhich results in the
release of the pro-apoptotic proteins for theuatin of cell death (Almeidat al.,
2004; Buytaert, Dewaele and Agostinis, 2007; Pketr al, 2003). Also, literature
states that PDT leading to cell death of cancecells via apoptosis can be activated

by the extrinsic pathway (Plaetzsral, 2003).

2.7.3 Autophagy
The term autophagy means literalpelf-eatingin Greek and often referred to
macroautophagy. Autophagy contributes to the maaree of intracellular

homoeostasis and can signal cell death or survivader conditions of nutrient
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starvation, this pathway will supply cells with rakblic substrates, and hence
represents an important pro-survival mechanism [(&al et al, 2008). However,

autophagy is also associated with cell death thoexggtessive self-digestion and
degradation of essential cellular constituentsctéb® microscopy studies revealed
morphology changes like nuclear collapse, highlywdemsed nucleus, structures
required for protein synthesis (e.g. polyribosont&R, and golgi) disappearing , few
clusters of intact mitochondria persist in closanity to autophagic vacuoles and the
nuclear envelope that characterize autophagy (Buescal, 2008). This cellular

pathway activates cell death though the absenceaspase-signaling or caspase

inhibition (Buytaert, Dewaele and Agostinis, 2007).

The first step in autophagy is the formation of @ullle-membrane structure that
sequesters cytoplasmic components as well as dlgmnéilso, it shapes the
autophagic vacuoles or autophagosomes. These agogptmes fuse with lysosome
and their cytoplasmic material is degraded by lgsws hydrolase. A family of
autophagy-related genes (Atg) controls the forrmatibthe autophagosomes and this
includes Atg6/Beclinl and Atg8/LC3. The moleculaachinery of autophagy is
regulated by class | and class Il phosphatidyliiobs8 kinase (P13K) signaling
pathway, which inhibit and stimulate the autophaegpectively. Literature suggests
that several anti-cancer drugs can kill canceisda}l sending out stress responses to

induce the autophagy cell death mechanism (BuytBewaele and Agostinis, 2007).

Recent studies have indicated that PDT may induoe-apoptotic cell death

associated with the induction of autophagy celltleaechanism (Figure 2.17). In

PDT, due to the large amounts of photogenerated BR@&hagy is initiated in an
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attempt to eradicate oxidative damaged organellés degrade large aggregates of
cross-linked proteins (produced by photochemicalctiens). The induction of
apoptosis in a PDT treated cell can be preventettiafe is a deficiency in pro-
apoptotic protein (Bax and Bak) which will resuitthe activation of another mode of
cell death. Therefore, cell death by autophagwndasiced as an alterative mode of cell
death. Autophagy cell death can also be detecteoidohemical and ultra structural
changes in dying cell (Buytaert, Dewaele and Agisti2007). Also, the down
regulation of Bcl-2 can result in stimulation ot@phagy by the release and hence the
activation of the pro-autophagic protein Beclinnfra Beclin: Bcl-2 complexn vitro
studies have shown that autophagy is another respmnER photodamage, perhaps
serving to eradicate cells not initially removed &yoptosis or when apoptosis is

blocked (Kessel, 2006).

More studies are required to identify the molecutaediators which may turn
autophagy into a well defined cell death pathwalsoAto help researchers better
understand the cross-talk between autophagy andpbptotic machinery in PDT-
induced autophagy. Defining the autophagy pathwdly help in determining the
PDT dose for the induction of autophagy and coatdlto cancer cell death rather
than survival. It is important to assess whethéoghagy is ann vivo tumor response
evoked by PDT and if the use of pharmacological metdrs of this catabolic process
in combination with PDT will prove beneficial to prove its therapeutic efficacy

(Buytaert, Dewaele and Agostinis, 2007).
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Figure 2.17Theautophagy cell death pathway is induced in PDTid¢ckaells lacking
the pro-apoptotic proteins. It is induced in PD&ated cells by photo-oxidative
damage to intracellular organelles/targets. Phatdative damage occurs specifically
to the ER or anti-apoptotic Bcl-2/Bcl-xL proteinghich may alter Bcl-2/Bcl-xL
interaction with Beclin 1 to favour the inductiohautophagy (Buytaert, Dewaele and
Agostinis, 2007).

2.8 Photodynamic Therapy (PDT) for Skin Cancer Treément

Skin cancer incidence is increasing rapidly ancep@smajor health threat (Fuchs and
Thiele, 1998). The major risk factor for skin canitseexposure to the sun because in
this generation the ozone layer in the atmosphare affer very little protection
against the harmful UV rays from the sun. Therefekin cancer is most likely to be
seen on areas of the body that are most often egposthe sun (Schuitmaket al,
1996). Malignancies of the skin can be primary @tastatic in nature and include
many types of skin cancer as listed in Table 2teré are three forms of skin cancer
that can occur, namely, basal cell carcinoma, squamcell carcinoma, and

melanoma (Schuitmaket al, 1996).
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Table 2.2 The warning signs associated with the differentesyf skin cancers
(Ferniany, 2008).

Name Description

Basal cell | Basal cell carcinoma accounts for approximately 7&0all skin
carcinoma | cancers. This highly treatable cancer starts inbtsal cell layer of
the epidermis (the top layer of skin — Figure 2.a8) grows very,
slowly. It usually appears as a small, shiny bummadule on the
skin (mainly those areas exposed to the sun, ssitheahead, neck,
arms, hands, and face). This cancer commonly o@umg peoplg

with light-colour complexion.

Squamous | Squamous cell carcinoma accounts for about 209 skim cancer
cell cases. Although more aggressive than basal cetincena, this
carcinoma | cancer is highly treatable. It may appear as nadaolered, scaly
patches of skin (found on the face, ears, lips,randth). However,
squamous cell carcinoma can spread to other phtit® dody. This

type of skin cancer is usually found in fair-skieople.

Malignant Malignant melanoma accounts for 4% of all skin exaclt starts in
melanoma | the melanocytes cells (Figure 2.18). Melanocytels geroduce
melanin (skin pigment) which is responsible for #agiation in skin
colours that occur. It usually begins as a molet then turns
cancerous (Figure 2.19). This cancer may spreadkiyuand all
skin types may be affected, but fair-skin peoplee anore

susceptible.
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Figure 2.18 Different parts of an ordinary human skin model uiaderstand the
specific location of the different skin cancers (btook, 1983).

Melanoma is the most lethal primary skin canceit bas significant ability for local,
regional and systemic spread (Allisehal, 2006). Melanoma sometimes known as
cutaneous or malignant melanoma has a tendengydad very quickly to other parts
of the body via the body’s lymphatic systems. Tdigease must be caught in the early
stages, for full recovery. Melanoma can be prewkfg regular skin examinations
(screens at home or dermatologists) and becomimgida with moles or other skin
conditions. Moles that are present at birth, aiygiadl moles, have a greater chance
of becoming malignant. Therefore by having regdkin examinations changes in
moles can be detected by using the ABCD Chart. ABED chart is illustrated in
Figure 2.19 and is crucial for detecting malignamtlanoma at its earliest stage

(Ferniany, 2008).
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Normal Mole Melanoma  Sign Characteristic

Asgnetry  when half of the mole does not matchatier half

Ber when the border (edges) of the rimigegular
Gof when the colour of the mole vatle®ughout
Diater when the mole diameter is larger thaencil’s eraser

Figure 2.19The ABCD chart contains information on the warngigns commonly

associated with melanoma cancer (Ferniany, 2008).

There are a variety of skin cancer treatments #adt (in order of decreasing
efficacy) Moh’s surgery, convectional surgical exon, radiation therapy,

electrodesiccation and cryotherapy for skin car{8ehuitmakeret al, 1996). These

treatments have disadvantages in terms of hedlingtional and cosmetic outcome,
largely when the lesions are located on the facen @reas of poor vascularization
(e.g. ankle or heel). Repeated treatment is implesand multiple lesions are difficult
to treat within reasonable time-span. Finally, timent can be expensive

(Schuitmakeet al, 1996).

Literature states that skin is a target organ fDIT Rreatment because it is easily
accessible to light that is required for the phetsstizer (PS) activation and the PS
can be applied to the affected area topical (Fuais Thiele, 1998). Therefore,

melanoma lesions or skin cancer can be succesgfelfyed with PDT as it is an
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irreversible and single treatment. A major advamc®DT treatment for cancers is
that damage to normal tissue can be minimized erhéaling is usually excellent.
Since healing of the subcutaneous collagen occyrgelgeneration rather than
scarring (Stewart, Baas and Star, 1998). Also,dpycally applying the PS it will
result in an increased penetration in abnormal gkiare the stratum corneum or the
outermost layer of the epidermis (Figure 2.18)dmédged as opposed to normal skin

with an intact stratum corneum (Schuitmag&eal., 1996).
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CHAPTER 3

METHODOLOGY

3.1 Description of cells

Three cell lines were used in these experimentshufman malignant (cancer)
melanoma cell line (UACC-62) purchased from UAC®@riza, Walkersville, MD,
USA), a secondary keratinocyte cell line which Wwally donated by the University
of Cape Town and a primary cell line (fibroblasigd)ich were isolated from human
skin biopsies acquired from patients at University.impopo under ethical approval

(MREC/M/63/2009: IR). Cells were not passaged ntbam 15 times.

3.1.1 Melanoma Cancer Cells

The melanoma cancer cells (UACC-62) used in thigdystwas obtained from
Bioscience, CSIR (Pretoria) which were purchasecthfU ACC (Lonza, Walkersville,
MD, USA). The melanoma cancer cells were grown in T-75 caltuce flask
(Greiner Bio-One, Cellstar, Lasec, South Africantaaning 15 ml of RPMI-1640
medium without L-Glutamine (Lonza, WalkersvilleSH) supplemented with 10%
Foetal Bovine Serum (FBS; Gibco - Invitrogen), 1&nteillin/ Streptomycin (Lonza,
Walkersville, USA) and 1% Non-essential amino ac{lEAA; Sigma, St.Louis,
USA). The cells were grown in a 5% g@cubator(Galaxy, RS Biotech) with a
humidified atmosphere at 37°Elasks were examined on a daily basis for turbidity
and colour changes in the growth media. Cell growvtiproliferation was monitored
with an inverted microscope (Axiovert 40 Zeiss, @any) and were either passaged

or harvested when they reached 80% confluency @aeet al, 1999).
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3.1.2 Epidermal Keratinocyte Cells

The keratinocyte cells were kindly provided fromp2agment of Biology at the
University of Cape Town. The primary keratinocyal€ were isolated from human
biopsies and culturedn vitro using low calcium concentrations to attain an
immortalized human keratinocyte cell line known HaCaT (Deyrieux and Van
Wilson, 2007). This was to overcome two major draeks of primary keratinocyte,
i.e. (i) the isolated primary keratinocyte cellguge supplementary growth factors to
survivein vitro and (i) once induced for differentiation they m@dlyidie and isolated
primary keratinocyte cells do not allow long-tersage as their cell passage numbers

are limited (Deyrieux and Van Wilson, 2007).

Keratinocyte cells were grown in a T-75 cell cu#tuflask containing Eagles
Minimum Essential Media (EMEM - Lonza, WalkersvjlldSA) supplemented with
10% FBS and 1% Penicillin/ Streptomycin (Lonza, Keasville, USA). The cells

were stored and maintained as the melanoma cametlsrexcept that the medium

used was EMEM (Radestoek al., 2007).

3.1.3 Dermal Fibroblast Cells
Dermal fibroblasts were obtained from skin usirguach biopsy procedure described

by Van Den Bogaerdit al (2002).

Ethical approval for the use of human skin biopdmsthe isolation of primary
fibroblast cells was obtained from Medunsa ReseagchEthics Committee,
University of Limpopo (Medunsa Campus) in June 2008e Ethics Clearance

number for this study is MREC/M/63/2009: IR.

a7



Skin biopsies were collected from volunteers at Medunsa academic hospital by
performing a 3 mm punch biopsy on the volunteetsicR biopsies were placed in
50 ml centrifuge tubes (Lasec, South Africa) camteg transport medium. The
transport medium contained 96 ml of Hank’s BalanSatt Solution (HBSS; Sigma,
St.Louis, USA), 2ml Penicillin/ Streptomycin and @l Gentomycin (Lonza,

Walkersville, USA).

Punch biopsies were transported on ice to the CBiphotonics laboratory. At the
biophotonics laboratory the fat was removed bejbaeing pieces of the skin biopsies
in 6-well tissue culture plates (Greiner Bio-Onegll§tar, Lasec, South Africa)
containing a 1:10 dispase solution (Refer to Appendhe preparation of dispase
solution involved adding 1 ml of dispase (BD Bi@swes, USA) into 9 ml of HBSS.
The dispase solution was used for the separatidgheoflermis from the epidermis.
Tissue culture plates containing the punch biopsieispase solution were incubated

overnight at 37°C in a 5% G@cubator

The next morning the dermis (thick layer) was sefgat from the epidermal layer
(thin layer) with a sterile tweezer. The dermis vpdaced in another 6-well tissue
culture plate. Each of the dermal pieces was watired times with HBSS and 2 mi
of 0.25% of Trypsin-EDTA solution (Lonza, Walkerbgj USA) was added to
dissociate the cells from the tissue. The cellsewacubated at 37°C in a 5% €0
incubatorfor 15 min, which included manually shaking thetgdgaat 5 min intervals
for 5 min. Cell dissociation was monitored undelirarerted microscope until a large

number of single cells were visible in the media.
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Thereafter, Fibroblast Basal Medium (FGM-Bullet kit®, CloneticS, Lonza, USA)
supplemented with insulin, rhFGF-B, GA-1000 and FESM-2° SingleQuot§,
Clonetic§, Lonza, USA) was added to each well to stop thactien. The cell
suspension was centrifuged once at 1000 rpm fanibOusing centrifuge (Sigma 2-
16K, Germany). The supernatant was discardedtangdllet was dissolved in 1 ml
of culture media before transferring to a T-25 amllture flask (Greiner Bio-One,
Cellstar, Lasec, South Africa) containing 5 ml dérbblast Basal Medium. The cells
were incubated at 37°C in 5% @@cubator Culture medium was changed every
second day until flask was 80% confluent. The celre then trypsinized and
sub-cultured in a T-75 tissue culture flask. Thetidct cell morphology of the
isolated cells was assessed under an inverted sompe (Axiovert 40 Zeiss,

Germany) to ensure only fibroblast cells were besotated.

The isolated primary skin dermal fibroblast cellsrermaintained aseptically in T-75
cell culture flasks containing as for Basal celtsapt the culture media was made up
of Fibroblast Basal Medium with FBS and growth &ast(e.g. insulin, rhFGF-B and

GA-1000). Cells were not passaged more than 15stime

3.2 Sub—Culturing or Cell Harvesting

Cells were grown to 80% confluency for harvestinguab-culturing. When cells were
80% confluent the media was removed and cells weghed twice with 5 ml of
HBSS before adding 4 ml of 0.25% of Trypsin-EDTAuwon (Lonza, Walkersville,
USA) to detach the cells from the bottom of thesklaFlasks were incubated for 5

min in a 5% CQincubator Thedetachment of cellwas viewed under the inverted
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microscope (Axiovert 40 Zeiss, Germany) before g0@f FBS was added together
with 10 ml of culture media to inactivate the tryp<Cells were centrifuged at 1000
rpm for 10 min. Supernatant was discarded and #lletpvas dissolved in 5 ml of
culture media. Thereafter, a cell count was coretuctising the Trypan Blue
exclusion test in order to determine the numbdivef or viable cells. Following the
cell count, cells were either sub-cultured into mew T-75 flasks or cell pellet was

harvested for the use in PDT experiments.

3.3 Cell Storage

Cells were harvested and the cell pellet was reswdgr in 400 ul of FBS and cooled
on ice. A cryoprotective medium (Lonza, WalkersillUSA) which contains Basal
Eagles Medium with Hank’s BSS and 15% Dimethylsxilfe without L-Glutamine
was used as cryoprotecting agent and also placezkokqual aliquots (0.5 ml) of the
cell suspension and the cryoprotective agent wadeato a cryotube (Nunc, Japan).
The tubes were stored overnight at -20°C and sulesgly stored in a biofreezer
(Thermo Electron Corporation, Labotec) at -80°Cr lemg-term storage cells were

stored in 35 L Dewar flask (Taylor-Wharton, Harscoitaining liquid nitrogen.

3.4 Cell Enumeration using the Trypan Blue Exclusin Test

Principle

The numbers of cells were enumerated using theafrglue Exclusion Test which
stains dead cells blue and viable cells appearudelss because of their intact

membranes which exclude the dye.
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Protocol

The cell pellet was resuspended in 5 ml of cultmedium and 200 ul of this cell
solution was transferred into a separate centrifuge before adding 200 pl of 0.4%
Trypan Blue (Sigma, St. Louise, USA). 50 ul of theulting solution was used to fill
the chamber on the Haemocytometer (Merck, Darmstadtmany) and cells were
counted under an inverted microscope (Axiovert 4% Germany). Cell counting
was conducted in duplicate. The total cell count5irmml of culture media was
calculated using this formula:

Total Cell Count = (Cells counted / Number of sgsax Dilution factor x 1) x 5ml

3.5 Dark Toxicity Assay

To determine any inherent toxicity of PS AITSPc @md SPc on the cell viability of
melanoma, fibroblast and keratinocyte cells a mediprotocol outlined by Jiménez-
Banzoet al (2008) was followed in which the effects of th® ®Were studied without

any irradiation — dark toxicity.

3.6 Toxicity screening of aluminum tetrasulfonatedpthalocyanine (AITSPc) and
zinc tetrasulfonatedphthalocyanine (ZnTSPc)

3.6.1 Cell Culturing System

In this experiment the 80% confluent melanoma, tkevayte or fibroblast cells were
harvested and the cell density was adjusted to080c@lls/ml. These were seeded in
24-well tissue culture plates (Greiner Bio-One,|§taf, Lasec, South Africa) and the

cells were allowed to attach overnight at 37°C% G0, incubator.
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3.6.2 Drug Preparation

The PS agents aluminum tetrasulfonatedphthalocganfAITSPc) and zinc
tetrasulfonatedphthalocyanine (ZnTSPc) used in stigly were synthesized and
kindly provided by Professor Tebello Nyokong frorhd@les University (Department
of Chemistry). The photosensitizers were storegain temperature and used under
light-restricted conditions. Stock solutions of ZHc or AITSPc (10Qg/ml) were
further diluted with either RPMI-1640 medium withduGlutamine, Fibroblast Basal
or EMEM medium for treating melanoma, fibroblaskeratinocyte cells respectively

to give concentrations of the PS in range ofudGnl — 100ug/ml.

3.6.3 Photosensitization of Cells

After 24 h of cell growth the culture medium frorach well was removed and the
cells were washed twice with Phosphate Bufferedn8gPBS: Sigma, St. Louise,
USA). The PS solutions (1 ml) of each dilution wadled to the cells. A negative
control with no PS (medium only) was also includedch concentration was tested
in triplicate. The plates were wrapped in aluminitgih and incubated at 37°C in 5%

COs incubator for 2 h.

Laser scanning microscopic studies on the subeelluto-localization of
phthalocyanines have been conducted by a colleagdethis unpublished work

clearly shows the uptake of these photosensitizgtke different cell lines.

3.6.4 Laser Irradiation of Cells with Continuous Wave (CW) Laser

After the two hour incubation period, cells as mager cultures were irradiated with

a diode laser (continuous wave laser; CW) emitiingavelength at 672 nm. The laser
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set-up is shown in Figure 3.The output power of laser varied for each experimen
and the beam was measured using a power meter (Krar) as shown in Figure
3.2 A for each experiment. The output power wasveeh 20 — 30 mW and the
irradiation time (s) was calculated (using the gkttons below) to deliver a light
dose of 4.5 J/cfn A beam of 1 cm in diameter was used to delivéiglat dose of

4.5 J/cmtothe cells as shown in Figure 3.2 B.

Area of Light Beam =r?

Power Density = Output Power Measured with the Pdveter (mW)
Area of Light Beam (cA)

= Answer X 1W/cm’?

Irradiation Time (s) = Dose Required (JAm
Power Depgitv/cnt)

After irradiation the plates were incubated at 3711G% CQ for 24 h before cell
viability was measured using the CellTiter Bluéiability Assay. Cells treated with
the laser but without PS and cells treated with &8 not irradiated served as

controls.
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Figure 3.2The detector head of the power meter measuresutpetgpower of a light

beam with a diameter of 1 cm (A) which is usedetvér a light dose of 4.5 J/éto
a monolayer of cells in each well and the diameterach well is 1.57 cm (B).

3.7 Cell Viability Assay

Principle

The CellTiter-Blue is a fluorometric method foriestting the number of viable cells
present in multiwall plates. It uses the indicathye resazurin to measure the
metabolic capacity of cells which is an indicatécell viability. The metabolic active

viable cells have the ability to reduce resazumto iresorufin. Resourfin is a

fluorescent product. Non-viable cells rapidly losetabolic capacity and cannot

reduce the indicator dye thus do not generateaadficence signal. Resazurin is dark
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blue in colour and has little fluorescence untdueed to resorufin. Resorufin is pink

and highly fluorescence.

The procedure of this homogenous assay involvesditext addition of a single
reagent known as CellTiter BlfigPromega Corporation) to cells cultured in serum-
supplemented medium. After an incubation period! df, cell viability is measured
using a fluorometer with appropriate emission axatation filters. The fluorescence

signal reading is proportional to the number obleacells.

Protocol

The number of viable cells was measured using wkTiger Blue® Reagent from
Promega Corporation. 100l CellTiter Blué® reagent was added to each well
containing 1 ml of fresh culture medium without FB&d plates were placed in 5%
CO, for 4 h. Each plate was kept protected from thétligy keeping each plate
wrapped in aluminium foil. The fluorescence sigmals measured using a plate
reader (FLUOstar, Optima, BMG Labtech) with an &tan filter at 544 nm and an
emission filter at 620 nm. The Bg£graph was constructed by calculating the cell
viability (CV) percentage (%) using the equationlole (Ketabchiet al, 1998;

Jiménez-Banzet al, 2008).

CV % = (Fluorescence Sign&mple - Fluorescence Signaddia)
(Fluorescence Sign@deated celis Fluorescence Signgkdia)

X 100

The EGp means the effective concentration and the sulisg@ipneans that the drug

concentration was acutely lethal to kill 50% of ttneated cells under controlled
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laboratory conditions. This was used to determhree dptimum active AITSPc and

ZnTSPc concentration that killed 50% or more ofanelma cancer cells.

The culture media without cells was used as a negabntrol and measured for each
set of experiments for the detection of backgrotdindrescence. The control of

untreated cells was used for two main reasonsthsithe intended number of cells
for each well was 30 000 cells/well. The inabilibyobtain a constant number of cells
for all the experiments may result in inaccuratéadalherefore, control wells

(untreated cells) were seeded out for every sekpériments performed. The control
or untreated cells contain a concentration of ni@f drug, which reveals the close
consistency of cell numbers for every experimercdddly, it could be used to
calculate the cell viability percentage as it adfan estimation of the amount cells

present before treatment.

3.8 Determination of the Effective Light Dose

The EGoconcentrations cAITSPc (40 pg/ml) or ZnTSPc (50 pg/ml) were prepare
using RPMI-1640 medium, Fibroblast Basal or EMEM dmen for treating
melanoma, fibroblast or keratinocyte cells respetyi The optimum concentrations
(AITSPc: 40ug/ml; ZnTSPc: 50ug/ml) were extracted from the Bggraph which
was constructed using the phototoxicity experimeti¢éda. The cells were grown in
24-well plates and washed with PBS as describedeittion 3.6.3. After a 2 h
exposure to the PS the cells (monolayer culturesewradiated with a diode laser
emitting a wavelength of 672 nm. The output powkthe continuous wave laser
varied between 20 — 30 mW and the irradiation twaes calculated to deliver light

doses of 2.5 J/cn7.5 J/crf or 10.5 J/crh The output power of a beam of 1 cm in
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diameter was measured using a power meter (NovajrO@\fter irradiation the
plates were placed at 37°C in a 5% @@@ubatorfor 24 h before cell viability was
measured using the CellTiter Bfu®iability Assay. The untreated cells withu@/ml
of the PS were not irradiated and another set ofrols that were cells treated with

the laser using the different light doses but withihe PS.

3.9 Comparison of the Continuous Wave Laser and aused Laser

In these experiments the effect of the continuoagerCW) laser (diode laser with a
wavelength of 672 nm) was compared to the femtomkdaser (pulsed laser) on
melanoma, fibroblast and keratinocyte cells. THis eeere cultured in 24-well tissue
culture plates and were exposed to AITSPc (40 yggmZnTSPc (50 pug/ml) for 2 h.
After the two hour incubation, cells as monolayeituwres were irradiated with
femtosecond laser (pulsed laser) emitting a waggheaf 672 nm. The output power
of the pulsed laser varied between 2 — 12 mW aedrthdiation time was calculated
to deliver a light dose of 4.5 J/énTThe output power of a beam of 1 ¢cm in diameter
was measured using a power meter (Nova, Ophftgr exposure to light the plates
were incubated at 37°C in 5% ¢for 24 h before cell viability was measured using
the CellTiter Blu& Viability Assay. The untreated cells withu@/ml of the PS were
not irradiated. Cells treated with the laser buthait PS were used as another
control. The untreated cells withu@/ml of the PS were not irradiated and another set
of controls that were cells treated with the pulkestr using the treatment light dose

of 4.5 J/cmMbut without the PS.
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3.10 Cytology of Melanoma Cells Exposed to AITSPad ZnTSPc

3.10.1 Light Microscopy
Light microscopic observations of the effect of B¢ on melanoma cells were carried

out using the inverted microscope (Axiovert 40 Ze(Sermany).

In this study the 80% confluent melanoma cancds aeére harvested and counted
with a haemocytometer using the methodology preshodescribed in Section 3.3
and 3.4 respectively. Cells were seeded in 24-edllculture plates at a density of
approximately 20000 cells/ml per well. Cells wettowaed to attach overnight at

37 °C in a 5% Cgincubator.

Culture medium from each well was removed beforehiay twice with PBS. Cells
in triplicate wells were photosensitized by addimgl of the stock solution of AITSPc
(40 pg/ml) or ZnTSPc (5Qug/ml). Untreated cells with Qg/ml of the PS was used as
a control. Plates were wrapped in aluminium foildbe incubating at 37°C in a 5%

COyincubator for 2 h

After the two hour incubation period, cells as mlager cultures were irradiated with
the diode laser emitting a wavelength of 672 nme Mreasured output power of the
laser was 16.20 mW and a light dose of 4.5 3teas delivered in 3 min 38 sec to
each well. After irradiation the plates were inatdd at 37°C in a 5% G@cubator

for 24 h. Changes in cell morphology were analybgdviewing plates under an

inverted microscope and photographed (Ketabthl, 1998).
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3.10.2 Ultrastructural Changes Using the Transmissn Electron Microscopy
(TEM)

The melanoma cancer cells were grown in T25 culflagk containing 5 ml of
RPMI-1640 medium supplemented with 10% FBS, 1% d¢#éni Streptomycin and
1% NEAA. The cells were grown at 37 °C in a 5%,@@ubator. Cells were grown
to 80% confluency in the flask before removal oftune media for the washing of
cells with PBS. Cells were photosensitized by agidiml of the stock solution of
AITSPc (40ug/ml) or ZnTSPc (5Qug/ml) into each flask accordingly. Untreated cells
with O ug/ml of the PS were used as a control. Flasks wespped in aluminium foil

before incubating at 37°C in a 5% @@cubator for 2 h

After the two hour incubation period, cells as mlager cultures were irradiated with
diode laser emitting a wavelength of 672 nm. Thgpuwupower of the continuous
wave laser was 28.71 mW and the output power wassuaned using a power meter
(Nova, Ophir). A beam of 1.5 cm in diameter wasduse deliver light doses of
4.5 Jlcniin 4 min 38 sec. After irradiation the flasks weretibated at 37°C in a 5%

COyincubator for 24 h.

Cells were processed for TEM and analysed at Usiityeof Pretoria in the laboratory
for microscopy and microanalysis. Cells were degdcfrom the flask with a cell
scraper and centrifuged at 1000 rpm for 5 min. Afentrifugation the supernatant

was discarded.

Cellulose microcapillary tubes were placed in hexathe before cutting it into small

pieces with a blade and this was done under a suope. A pipette was used to
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transfer a drop of cells into the microcapillarypés. Thereafter, the sides of each
microcapillary tube were cut with a blunt bladeefficiently seal in the cells. For
each sample the pieces of the microcapillary tubese loaded onto gold coated
chambers. Samples were immediately loaded on a prighsure freezing device
(EMPACT 2, Leica). This device builds up pressumnetlte sample and then cools the
sample by an independent mechanism. By introdutiagsample into a small closed
chamber which pressurized the sample to 210 MPahardimmediately cooling the
specimen from the outside to -196°C by using a ojab of liquid nitrogen (Studer,

Humbel and Chiquet, 2008).

Samples were embedded in resin (Refer to Apperatiddétailed a method) before
thin sections were cut to be placed onto coppelsgifhe copper grids were stained
with uranyl acetate for 10 min and after 10 min &b with double distilled water.
Each copper grid was blotted onto paper beforanisigiwith lead citrate for 3 min
following washing with double distilled water anbbthing again. Post-stained copper
grids were examined using a JEOL 2100F (200 kw) T&i digital images were

captured for examination (Ketabattial, 1998).

3.10.3 Apoptotic DNA Ladder Assay: Agarose Gel El¢émphoresis

The melanoma cancer cells were grown in T25 cdturai flask containing 5 ml of
RPMI-1640 medium supplemented with 10% FBS, 1% ¢#&ni Streptomycin and
1% NEAA. The cells were grown at 37°C in a 5% @@ubator. Cells were grown
until 80% confluent before culture medium was reswvrom each flask for the
washing of cells with PBS. Then cells were photsgaed by adding 5 ml of the
stock solution of AITSPc (4Qug/ml) or ZnTSPc (50ug/ml) into each flask

accordingly. Untreated cells with @/ml of the PS were used as a control. Flasks

60



were wrapped in aluminium foil before incubating3@®C in a 5% C@incubator for

2h

After the two hour incubation, cells as monolaydtures were irradiated with diode
laser emitting a wavelength of 672 nm. The outpwgr of the laser was 16.20 mW
and measured using a power meter (Nova, Ophibeam of 1 cm in diameter was
used to deliver light doses of 4.5 Jfdm3 min 38 sec. The flask was divided into
sections and each section was given a light dodesaf/cm. This was done to ensure
that majority of the cells in the flask were irratdid. After exposure to light the flasks

were incubated at 37°C in a 5% gacubator for 24 h.

The next day the DNA was isolated from the untreéated PDT treated samples using
the Apoptotic DNA Ladder Kit (Roche Diagnostics,r@any). The kit contained one
vial of lysis buffer, washing buffer, elution buffgositive control and tubes. The kit

also contained a detailed protocol which was foddw

Firstly, cells were prepared by removing the cdtunedia from each flask.
Thereatfter, the adherent melanoma cells were washsald PBS before adding 4 ml
of 0.25% of Trypsin-EDTA solution (Lonza, Walkerd®j USA) for the detaching of
the cells from the bottom of the flask. Flasks eamhg the trypsin were placed for 5
min in a 5% CQincubatorEach flask was viewed under the inverted microsdope
see if the cells had detached before adding 4@ EBS and 10 ml of culture media.
Cells were centrifuged at 1200 rpm for 10 min afC0The supernatant was
discarded and the pellet was resuspended in 5 ooldfPBS. Cells were centrifuged

at 1200 rpm for 10 min at 10°C. The supernatantadssarded. The pellet from each

61



sample was resuspended in 200 pl of cold PBS. 2@6énul of lysis buffer was added
with mixing immediately. Samples were incubated 6 min at room temperature.
After incubation 100 pl of isopropanol was addedetwh of the samples and the

positive control before shaking each sample wiiordex.

A filter tube and collection tube were combinedmPées and the positive control
were pipetted into the upper reservoir before deigiation with a Spectrafuge Mini
Centrifuge Model C1301 (Labnet International In@ygiion) for 1 min at 6000 rpm.
The flowthrough in the collection tube was discarded the filter tube with the used
collection tube was combined. 500 pl washing buffas added to the upper reservoir
and samples were centrifuged for 1 min at 6000 rphs step was repeated to
remove any existing residual wash buffer from thengle. The DNA from each
sample was eluted by adding 200 ul of prewarmetioaldbuffer (70 °C) and samples
were centrifuged for 1 min at 6000 rpm. DNA wagatbat — 20 °C for analysis the

next day.

The next day purified DNA samples were quantifiethg a Nanodrop ND — 1000
Spectrophotometer at Biosciences (CSIR, Pretot@)ul of the purified DNA plus
loading dye (6 x Orange Loading Dye ; Fermentas) foKeach sample and the 15 pl
of the positive control plus loading dye were lochd® a 1% agarose gel containing
ethidium bromide (Refer to Appendix). AdditionalPNA Molecular Weight Marker
(Gene Rule™ DNA, Mix Ready-To-Use; Fermentas, UK) was alsodied onto the
gel. The gel was run in 1 x TBE (Tris — Borate EQTéfer to Appendix) buffer at 75

V for 1.5 h (RT). After 1.5 h the gel was analysedier UV illumination for a visual
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DNA laddering by placing the gel onto a UV box smirGel was also photographed

for further analysis.

3.11 Statistical Analysis
Data are presented as a mean * standard deviatian least three experiments.
Statistical analysis was performed using ANOVA. Arglue less than 0.001 were

considered statistically significant.
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CHAPTER 4

RESULTS

4.1 Dark Toxicity Assay — Photosensitization of Ck with No Light Activation

The effect of the PS AITSPc and ZnTSPc (10 pg/mioe pg/ml) without light
activation on the cell viability of melanoma canceills as well as healthy normal
fibroblast and keratinocyte cells was measured hg fluorescence signal

(544 nm/620 nm) and is presented in Figure 4.1Fagdre 4.2respectively

There is a significant difference between AITSPotpkensitized melanoma cells and
fibroblast cells, p < 0.001; melanoma cells andchtirocyte cells, p < 0.001. This is
statistically the same for ZnTSPc photosensitizethnoma cells and fibroblast cells,

p < 0.001; melanoma cells and keratinocyte celts 0p001.

In melanoma cells a marked decrease in fluoresceigreal was observed in the
melanoma cells that were photosensitized with Ald 8PZnTSPc when compared to
the fluorescence signal reading of the untreatethmoena cells (Figure 4.1 and
Figure 4.2). This decrease in fluorescence sigritates that there was a decrease in
the cell viability. As the AITSPc concentration ieased the cell viability of
melanoma cells proportionally decreased. A decreaseell viability as the PS
concentration increases is significantly largemielanoma cells photosensitized with

AITSPc than ZnTSPc.

In both cases, negligible cytotoxicity was obserretibroblast and keratinocyte cells

photosensitized with either AITSPc or ZnTSPc (Fegdrl and Figure 4.2).
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Figure 4.1 The effect of different AITSPc concentrations t® inactive form on the
cell viability of melanoma, fibroblast and keratayte cells were measured using the
CellTiter-Blué® Viability Assay. 0 = untreated cells and fluoresoensignal is

proportional to the number of viable or live cells.

B Melanoma Cells B Fibroblast Cells [E Keratinocyte Cells

Fluorescence Signal (Cell Viability
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Different ZnTSPc Concentrations (ug/ml

Figure 4.2 The effect of different ZnTSPc concentrations sinactive form on the
cell viability of melanoma, fibroblast and keratayte cells were measured using the
CellTiter-Blué® Viability Assay. 0 = untreated cells and fluoresoensignal is

proportional to the number of viable or live cells.
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In Figure 4.3 and Figure 4.4 the cell viability peregye for each cell line
photosensitized with the different concentratiorfs ATSPc and ZnTSPc was
calculated using a negative control (media contahtaining no cells or PS) to
determine background fluorescence that may be mprese fluorescence signal

readings and an untreated cell control.

Results indicated that melanoma cells photosesslitizith an AITSPc concentration
of 100 pg/ml killed approximately 90% of the cdllsgure 4.3). Whereas, melanoma
cells photosensitized with a ZnTSPc concentratibdG® pg/ml killed 50% of the
cells (Figure 4.4). These results indicate that$®€ had significant cytotoxic effects
on melanoma cancer cells, which were induced uexperimental conditions in the

absence of light activation.
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Figure 4.3Changes in the cell viability (%) of melanoma, éiblast and keratinocyte
cells photosensitized with different concentratiohAITSPc in the absence of laser
activation. Cell viability was measured using thellTiter-Blue® Viability Assay and
original viability is expressed as a percentagehefuntreated cells.
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Figure 4.4 Changes in the cell viability (%) of melanoma, éiblast and keratinocyte
cells photosensitized with different concentratioh&ZnTSPc in the absence of laser
activation. Cell viability was measured using thellTiter-Blue® Viability Assay and
original viability is expressed as a percentagehefuntreated cells.

Statistically, data on each cell line were grouged each of the PS and the
significance difference between AITSPC and ZnTSPg < 0.001. AITSPc is killing

25% more cells than ZnTSPc.

4.2 Toxicity Screening of AITSPc and ZnTSPc

Each cell line (melanoma, fibroblast and keratirteasells) was photosensitized with
different concentrations AITSPc and ZnTSPc befoaiation with continuous wave
laser (CW, diode laser) at a wavelength of 672 maost-irradiated cells were
incubated for 24 h before cell viability was measlirResults show that for each post-
irradiated cell line, treated with different contrations of AITSPc and ZnTSPc there

is a decrease in cell viability as the PS concéntrancreased. This decrease in cell
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viability for each of the cell lines indicated trtae laser was able to activate AITSPc

and ZnTSPc as illustrated in Figure 4.5 and Figuée

The cell viability of AITSPc or ZnTSPc photosersiil melanoma cells after laser
irradiated was significantly reduced when compdwethe untreated melanoma cells
(control). Cells (in the absence of photosensifieposed to the laser are compared
to untreated cells to rule out the possibility tha laser in the absence of the PS is

responsible for the destruction of cells.

Results in this experiment indicate that AITSPc ZwTSPc with the laser can
effectively kill melanoma cancer cells. It was alveel that post-irradiated melanoma
cells photosensitized with AITSPc was more effectin decreasing the number of
viable melanoma cells in comparison to ZnTSPc. Areigse in cell viability of
healthy normal fibroblast and keratinocyte cellssvedso detected. This decrease in
cell viability of melanoma, fibroblast and keratayte cells were concentration
dependent because the cytotoxic effect of PDT as@e as the concentrations of

AITSPc or ZnTSPc increased.

There is a significant differences between photeattd AITSPc melanoma cells and
fibroblast cells, p < 0.001; melanoma cells andchtirocyte cells, p < 0.001. This is
statistically the same for photoactivated ZnTSPtammma cells and fibroblast cells,

p < 0.001; melanoma cells and keratinocyte celis 0p001.
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Figure 4.5The effect of different AITSPc concentrations aated with CW laser on
the cell viability of different cell lines were mmaed using the CellTiter-Blfe
viability Assay. ¢ = untreated cells, | = laseragrated cells without AITSPc, m =

culture media.
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Figure 4.6 The effect of different ZnTSPc concentrations attd with CW laser on
the cell viability of different cell lines were mmaed using the CellTiter-Ble
Viability Assay. ¢ = untreated cells, | = laseranrated cells without ZnTSPc, m =

culture media.
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The relationship between the different PS concéatra and the magnitude of
measured change in cell viability is shown in Fegdr7 and Figure 4.8. These also
show the effective AITSPc and ZnTSPc concentratiat are acutely lethal to kill

50% of the treated cells under controlled labosatanditions.

The graphs indicate there was higher survival fatehe healthy normal fibroblast
and keratinocyte than melanoma cells for every drogcentration. At the AITSPc
concentrations of 30 pg/ml, 40 pg/ml and 100 pghate was respectively a 54.91%,
45.37% and -7.21% cell viability for the melanonedl This means that there are no
surviving melanoma cancer cells at an AITSPc comagon of 100 pg/ml. The
corresponding viabilities for fibroblast cells tted with AITSPc concentrations of
30 pg/ml, 40 pg/ml and 100 pg/ml were 80.79%, ™ hd 64.15% respectively.
The resulting cell viability for keratinocyte celiated with 30 pg/ml, 40 pg/ml and
100 pg/ml were 73.24%, 72.89% and 66.14% accorgingierefore the E£ value

for AITSPc was between 30 pg/ml and 40 pg/ml.

Using ZnTSPc at concentrations of 50 pug/ml, 60 g pg/ml and 100 pg/ml
there was accordingly a 61.4%, 55.29%, 50.45% ar8dl98 cell viability for

melanoma cells. In the case of fibroblast treatdith ZnTSPc concentrations of
50 pg/ml, 60 pg/ml, 70 pg/ml and 100 pg/ml theres vemcordingly a 81.32%,
79.32%, 61.57% and 43.46% cell viability. For keracyte cells treated with
ZnTSPc at concentrations of 50 pg/ml, 60 pg/mlugdml and 100 pg/ml the cell
viability was 83.32%, 72.23%, 72.05% and 62.68%eetively. The Egvalue for

ZnTSPc was between 50 pg/ml and 60 pg/mil.
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Figure 4.7 The dose-dependerdffect of the different AITSPc concentrations
photoactivated with a light dose of 4.5 Jfdnom aCW laser on the cell viability of
melanoma, fibroblast and keratinocyte cells.
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Figure 4.8 The dose-dependerdgffect of the different ZnTSPc concentrations
photoactivated with a light dose of 4.5 Jfdnom aCW laser on the cell viability of

melanoma, fibroblast and keratinocyte cells.
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Statistically, when the data for each of the cotegions were grouped (area under
the curve) significant differences (p < 0.001) wkrend between the viability of the

melanoma cells, fibroblast cells and keratinocyisc

4.3 Light Dose Study

In Figure 4.9 and Figure 4.18e effect of different light doses (2.5 Jim.5 J/cm,
7.5 Jlcnd and 10.5 J/cf) delivered from a CW laser at a wavelength of 672 on
the cell viability of melanoma cells photosensitizevith AITSPc and ZnTSPc
respectively are shown. The greatest reductiorelinveability of melanoma cells was

achieved by exposure of photosensitized melanottsatoe light dose of 4.5 J/ém

It was observed in Figure 4.11 and Figure 4Hz the photoactivation dibroblast
cells treated with 40 pg/ml of AITSPc and 50 pgohZnTSPc respectively, with a
treatment dose of 2.5 J/érkilled less healthy normal fibroblast cells in quemison to
a light dose of 4.5 J/cm Thereafter, the cell viability of fibroblast teHecreased as
the treatment light dose increased. The cell \iigbibf the post—irradiated
keratinocyte cells indicated that a treatment ligiose of 2.5 J/cfkilled more
keratinocyte cells in comparison to a treatmertligpse of 4.5 J/chas illustrated in
Figure 4.13. A further decrease in cell viabilityitwa treatment light dose of
7.5 JicmMwas observed. There was a slight increase inviadility with a treatment
light dose of 10.5 J/ctin comparison to treatment light doses of 4.5 3/amd

7.5 J/cm.

72



In Figure 4.14 results demonstrated that keragitsophotosensitized with 50 pg/ml
of ZnTSPc and irradiated with a light dose of 4@ had the highest cell viability in

comparison to treatment light doses of 2.5 3/ah® J/crhand 10.5 J/cf
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Cell Viability (%)

drug + laser laser

2.5 J/cm2 92.67 96.75
W 4.5 Jlcm2 45.37 96.89
87.5Jcm2 83.16 99.96
0 10.5 J/lem2 79.88 84.45

Figure 4.9The effect of varying treatment light doses (F)cam the cell viability (%)

of melanoma cells photosensitized with AITSPc cotre¢ion of 40 pg/ml.
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Figure 4.10The effect of varying treatment light doses (Fcon the cell viability

(%) of melanoma cells photosensitized with ZnTS&uwcentration of 50 pg/ml.
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Figure 4.11 The effect of varying treatment light doses (F)con the cell viability
(%) of fibroblast cells photosensitized with AITS&mcentration of 40 pug/ml.
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Figure 4.12The effect of varying treatment light doses (Fcon the cell viability
(%) of fibroblast cells photosensitized with ZnTSfencentration of 50 pg/mil.
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Figure 4.13The effect of varying treatment light doses (F)con the cell viability
(%) of keratinocyte cells photosensitized with AFSconcentration of 40 pg/ml.
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2.5 Jlcm2 44.91 97.49
W 4.5 J/cm2 83.52 98.55
B87.5Jcm2 36.82 83.32
0 10.5 J/lem2 37.66 89.49

Figure 4.14The effect of varying treatment light doses (Fcon the cell viability

(%) of keratinocyte cells photosensitized with ZIPEoncentration of 50 pg/ml.

Therefore, cell viability studies above have shdheat the optimum cytotoxic effect
observed in melanoma cancer cells was obtaindaeiptesence of laser light dose of
4.5 Jlcmi and at the AITSPc concentration of 40 pg/ml, andTPc at the
concentration of 50 pg/ml. These combinationshaftpsensitizer concentrations and
the related light dose of 4.5 J/tim not lethal for the healthy normal fibroblast and

keratinocyte cells.

4.4 Light Treatment with a Pulsed Laser

Figure 4.15 and Figure 4.1dmpares the use of the continuous wave (CW) laser
source (Diode laser) and pulsed laser (Femtosetas®it) source for the killing of
melanoma cancer cells photosensitized with AITSRE 2nTSPc respectively. Also,
the influence of the laser sources (CW and pulsadhe cytotoxic effects of healthy

normal fibroblast and keratinocyte were investidatand results are presented in
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Figure 4.15 and Figure 4.16. The post-irradiatdi$ egere incubated for 24 h before
cell viability was measured by CellTiter-Bfi€ell Viability Assay, and the results

were used to calculate the percentage cell vighioit each of the different cell lines.

The percentage cell viability values of melanombsdadicated that irradiation by
CW laser was more effective in killing the melanonancer cells than the pulsed
laser for both photosensitizers. The viability ogatthy normal fibroblast and
keratinocyte cells irradiated with the pulsed las@s also significantly reduced for
both photosensitizers. Indeed, the cytotoxic effycaf the CW laser for this study
was better than that of the pulsed laser in killing melanoma cancer cells at a light

dose of 4.5 J/cfn

cw O Pulsed

69%

79%

Cell Viability %

Melanoma Fibroblast Keratinocyte

Cell Type

Figure 4.15The cell viability of melanoma, fibroblast and kigmacyte cells after
photosensitization with 40 pg/ml of AITSPc and maativation with a light dose of

4.5 J/crfi from a CW or a pulsed laser source.
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Figure 4.16 The cell viability of melanoma, fibroblast and kigmacyte cells after
photosensitization with 50 pg/ml of ZnTSPc and photivation with a light dose of
4.5 J/crfi from a CW or a pulsed laser source.

4.5 Cell Death Mechanism

4.5.1 Inverted Microscopy

The change in cell morphology as a result of PDTiated cell death was observed
using an inverted microscope and is shown in Fidifre- 19. There were observable
morphological changes between untreated melanorts aed treated melanoma
cells. The treated cells showed features of apaptekich was not prominent in
untreated melanoma cells. Apoptosis features lieedccurrence of scattered single
cells indicate that treated melanoma cells losttaxinwith and detached from
neighbouring cells due to cell shrinkage as visibl€igure 4.18A and Figure 4.19A.
In Figure 4.18B and Figure 4.198ebbing of melanoma cells photosensitized with
higher concentration of PS is noticed. Also, thebbing continued until finally cells
entered the condensation stage which is charaeteby the formation of apoptotic

bodies. Thus, the evidence of cell shrinkage, bfebland formation of apoptotic
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bodies confirms that PDT mediated by photosensitinaof AITSPc and ZnTSPc can

effectively kill melanoma cells via the apoptosieahanism.

Figure 4.18Micrographs showing the cell morphology of posgdliated melanoma
cancer cells treated with 40 pg/ml of AITSPc (AXdah00 pg/ml of AITSPc (B);
(Magnification = 20 x 0.30 Phase 1).
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- A ‘
Figure 4.19 Micrographs showing the cell morphology of pos&diated melanoma
cancer cells treated with 50 pg/ml of ZnTSPc (AY d®0 pg/ml of ZnTSPc (B);
(Magnification = 20 x 0.30 Phase 1).

4.5.2 Transmission Electron Microscopy (TEM)

The control cell or untreated melanoma cell in Fégd.20 presents an intact plasma
membrane and nucleus. An increased nuclear.cytoptasatio was observed on
melanoma cells that were phototreated with AITS®dlastrated in Figure 4.21 and
Figure 4.22 in comparison to untreated melanomés.c8pecific morphological
changes such as cell shrinkage, surface blebbingtrgsions from the plasma
membrane), cytoplasm vacuoles containing digestainmals, leakage of the nuclear
chromatin and condensation of the chromatin (edeettense black parts in the
nucleus and at the nuclear periphery) were also ise€igure 4.21. Alsdrigure 4.21
illustrates the process of pyknosis which is theviersible condensation of chromatin
in the nucleus of a cell undergoing apoptosiss foilowed by karyorrhexis or DNA
fragmentation of the nucleus as observed in Figug2. After karyorrhexis the
nucleus usually dissolves into apoptotic bodieshwdbmplete dissolution of the

chromatin matter of the dying cell as seen in FeguP3.

80



Plasma Membrane

@
-~
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e e

Figure 4.20A TEM micrograph showing the normal morphology ahalanoma cell
(untreated) at 12 000X magnification. Melanoma telhtact with an intact nucleus
bounded by a nuclear membrane and intact plasmeébraee

BRE ey ﬁ?}% ?ﬁ = -
Figure 4.21 A TEM micrograph of a melanoma cell exposed to ploiteated

-

AITSPc (40 pg/ml) showing the apoptotic featuresaoflying cell such as cell

shrinkage, blebbing and nucleus condensation (sikhat 6 000X magnification.
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Flgure 422A TEM |crogrph of a elanoma cell exposed to phﬂtxzﬂed
AITSPc (40 pg/ml) showing nuclear fragmentatiornawonly known as karyorrhexis

at 8 000X magnification.

Figure 4.23 A TEM (mlcrograph of a melanoma ceIIexsed to pthﬂed
AITSPc (40 pg/ml) showing the splitting of an apujm nucleus into several
apoptotic bodies and at the same time a residueleasi can be seen without

chromatin at 25 000X magnification.
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In Figure 4.24the super aggregation and condensation of a nudesisown of an
apoptotic melanoma cell that was treated with ZndI &mRl laser. Also, at this stage of
apoptosis the lack of a nuclear envelope is delectBigure 4.25 shows lumpy,

incomplete chromatin condensation.

The ultrastructural changes of a dying cell byititeiction of apoptosis are evident in
the melanoma cancer cells treated with AITSPc of S®c followed by laser
irradiation. Also, the treated melanoma cells WiiSPc and ZnTSPc depicted the

various stages of apoptosis.

Figure 4.24 A TEM micrograph of a melanoma cell exposed to plateated
ZnTSPc (50 pg/ml) showing chromatin aggregatiod0a®00X magnification.
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Figure 4.25A TEM micrograph of a melanoma cell exposed to pactivated
ZnTSPc (50 pg/ml) showing chromatin and nucleusieasation at 10 000X

magnification.

4.5.3 Apoptotic DNA Ladder Assay: Agarose Gel Eleobphoresis
Results of a gel electrophoresis of AITSPc and 2 $hotosensitized melanoma

cells after irradiation showed degradation of theomatin DNA (Figure 4.26). It is
noteworthy that instead of a ladder pattern foramatwhich is the hallmark of
apoptosis (Figure 4.26 — Lane 3) a sequential bpaitern representing DNA
degradation was seen. Bands were produced at I5Q0akse pairs) and 700 bp and

each band contained about 209.1 pg of DNA.

Additionally, various cell lines will display diffential apoptotic phenotypes.
Therefore, morphology and ultrastructural studieseanecessary to ascertain whether
apoptosis or necrosis has occurred. Both the mérgitaand ultrastructural studies

together with the DNA fragmentation assay have rbleaconfirmed that

84



photoactivated AITSPc and ZnTSPc with continuousenaser effectively induces

apoptosis in melanoma cancer cells.

Lane 1- Untreated cells
Lane 2— Marker (Gene &
O’Gene Ruler DNA Ladder Mix)

Lane 3-— Positive control of apoptosis

1500 bp
Lane 4— Untreated cells
700 bp Lane 5— AITSPc + laser treated cells
500 bp Lane 6— ZnTSPc + laser treated cells

Figure 4.26 Agarose gel electrophoresis of DNA from treatedanema cells after
PDT and untreated melanoma cells. Lane 5: Treatddmoma cells using 40 pg/ml
of AITSPc and 4.5 J/chof laser irradiation. Lane 6: Treated melanomascesiing
50 pg/ml of ZnTSPc and 4.5 J/eof CW laser irradiation.
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CHAPTER 5

DISCUSSION

5.1 Dark Toxicity Assay — Photosensitization of Ckd with No Light Activation

Dark toxicity studies were performed to determine tytotoxicity effects of AITSPc
and ZnTSPc in its inactive state on the melanommeracells, as well as normal
healthy fibroblast and keratinocyte cells. The dat&igure 4.1 — 4.4 indicated that
high concentrations of AITSPc and ZnTSPc rangiogif60 pug/ml — 100 pg/ml when
compared to the untreated melanoma cells exhiliitayic effects on melanoma
cancer cells without laser light activation. Iretbase of fibroblast and keratinocyte
cells photosensitized with either AITSPc or ZnTSRwealed an insignificant

decrease in cell viability when compared with tbhatool (untreated cell).

Both AITSPc and ZnTSPc (tetrasubstituted phthaloityes) are cationic PS that is
probably the reason for dark toxicity. It is statedliterature that cationic PS are
associated with dark toxicity (Morgan and OserdffQ1; Pashkovskayt al, 2009).
The dark toxicity effects on melanoma cancer cdlsprobably a response to
tetrasubstituted cationic aluminium and zinc phdbghnines displaying a
significantly higher affinity for melanoma canceslls than fibroblast or keratinocyte
cells. This resulting in a greater accumulationhef PS in the melanoma cancer cells
than fibroblast and keratinocyte cells, and thehérg concentrations of both
photosensitizers having the ability to cause destm of the melanoma cancer cells

without light activation.

The use of low PS concentrations can be the solubominimize or eradicate any

dark toxicity that can be caused by the PS imistive state before light activation to
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cancerous and healthy surrounding tissues (Casix@rmidova and Hamblin, 2005b).
Also, the incubation time with the PS before liglativation or irradiation was 2 h in
this experiment and this incubation time can beehksed to minimize the effect of

dark toxicity on cells (Decreaet al, 1999).

5.2 Toxicity Screening of AITSPc and ZnTSPc

The exposure of photosensitized melanoma, fibroldad keratinocyte cells to red
light from continuous wave laser (diode laser) ataaelength of 672 nm resulted in a
decrease in cell viability (Figure 4.5 and Figuré)4 Results demonstrated that as the
AITSPc and ZnTSPc concentrations increased the walility of each cell line
proportionally decreased. The viability studiesdatiown that the use of 40 pg/ml of
AITSPc and 50 pg/ml of ZnTSPc in combination withaser light dose of 4.5 J/ém
at a wavelength of 672 nm are the optimum conditimnthisin vitro study for the

effective killing of melanoma cancer cells (Figdr& and Figure 4.8).

The dark toxicity and the adverse killing effectis healthy normal fibroblast and
keratinocyte cells were taken into consideration dach of the PS concentrations
mentioned above. This was done before regarding\Elie forAITSPc and ZnTSPc
would be 40 pg/ml and 50 pg/ml respectively. Thasgcentrations were used for the
investigation of the efficacy of continuous wavedawhich was measured against a
pulsed laser. Also, the effect of different lighitseés in comparison to 4.5 Jfcmas
assessed. Lastly, the cell death mechanism indbgedITSPc and ZnTSPc was

investigated in this study.
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In PDT the destruction of cancerous tissue can onbur if the cancerous tissue is
exposed to the both the PS and light. Because tRA8sare considered inert until
photoexicited by laser radiation at the correct eangth and light dose it is
important that the optimal laser parameters ared.uddetal phthalocyanines

complexes like Zfi and AP* are well known red light PS due to their high apsion

in the red region of visible light (Seotsanyana-Mogiet al, 2006). A wavelength of

672 nm was used to activate the PS as the optibsdration of the PS should
correspond to the therapeutic or optical windowMeen 650 nm and 850 nm.
Also, tissue penetration is high and the energyhef triplet state is sufficient for

singlet oxygen production at this wavelength ra(Rjeetzelet al, 2009).

The diode laser at a wavelength of 672 nm witle@nof 1 cm in diameter was used
in this study to irradiate the photosensitized scellhe laser power or fluence rate
varied between 20 — 30 mW and the irradiation twas calculated to deliver a light
dose of 4.5 J/cfn Therefore, irradiation time will be between 1&amin. Thus, the
prolonged irradiation time which attributes to pia#gradation of the PS can be
avoided (Cubeddwet al, 2001; Plaetzeet al, 2009). Photodegradation is the
chemical destruction of a PS molecule that resalthe splitting of the PS into small
fragments, which do not absorb in the visible sacegion or cannot be activated by
laser light. As a consequence, photodegraded P&cuiek lose their function within

PDT (Plaetzeet al., 2009).

A laser power between the range 20 — 30 mW was dsadg this study to avoid

oxygen depletion. Oxygen depletion can arisendu?DT by the photochemical

reaction consuming oxygen at a faster rate thamant be replenished. This is more
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likely to happen for high fluence rates in combioatwith high PS concentrations

(Stewart, Baas and Star, 1998).

Literature states that fluence rates or laser pobetween 50 -150 mW/cm
significantly diminished tumor oxygen levels durimgtial light delivery in majority
of carcinomas. On the other hand, a fluence rat8imW/cnf increases tumor
oxygenation in majority of carcinomas. The highaefhce rate generated significant
regions of hypoxia even near to tumor blood vessetsa parallel decrease in tumor
perfusion which is not seen with the lower fluemages (Castano, Demidova and
Hamblin, 2005b; Stewart, Baas and Star, 1998). ,Algo vitro studies have
demonstrated that low fluence rates less than 5amf\an decrease the efficacy of
PDT. Healthy normal tissue seems to be less stistepo fluence rate effects, as
they have better vascular supply with smaller oapillary distances than tumors.
Therefore, the magnitude of the fluence rate effactbably depends on tumor

perfusion and intercapillary distances (StewargBand Star, 1998).

The laser parameters used for the light activatidnAITSPc and ZnTSPc in

melanoma cells was selected to produce resulthesetPS that would indicate their
capability for PDT as treatment for skin cancertB&ITSPc and ZnTSPc can
effectively kill melanoma cancer cells and the psx is clearly dose-dependent.
However, the killing of healthy normal cells likibfoblast and keratinocyte cells can
be minimized further by decreasing the incubatioretof the cells with the PS before

irradiation together with the use of low PS concatidns.
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In this study there is a significant differencetle cell viability between absence of
light activation and light activation for each chktle photosensitized with AITSPc or
ZnTSPc, (p < 0.0001) and adjusted for all variablere likely fibroblast and
keratinocyte cells would be killed with light expwe than without light exposure
(p < 0.0001). More likely melanoma cells would koked with light exposure than

without light exposure (p = 0.0016).

5.3 Light Dose Study

The PDT effect at the tumor site depends on thecétfeentration and the radiant
energy density at the site which together detersihe energy absorbed per unit
volume at the target site. Knowledge of light dasd PS concentrations is therefore
essential for the safe and effective treatmenterdfore, the influence of different

light doses on the cell viability of melanoma, @blast and keratinocyte cells

photosensitized with the optimum AITSPc or ZnTSBnaentrations were evaluated

during the light dose study (Figure 4.9 — Figurb44.

In this dose study a laser irradiation at the wagth of 672 nm was used with light
doses of 2.5 J/cm7.5 J/cr, 10.5 J/crhand4.5 J/cr. It was noted that the optimum
AITSPc (40 pg/ml) or ZnTSPc (50 pg/ml) concentnasicand the light dose of
4.5 J/lcmiwas themost lethal for the melanoma cancer cells in coisparto the other
light doses (2.5 J/ctm7.5 J/crfi and 10.5 J/cA). The cell viability of healthy normal
fibroblast cells photosensitized with AITSPc (40/mf and ZnTPc (50 pg/ml)
decreased with the increase in light dose. On tkieerohand, keratinocyte
photosensitized with AITSPc (40 pg/ml) showed tighést cell viability with the

light doses of 4.5 J/chand 10 J/crh Keratinocyte cells photosensitized with ZnTSPc
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(50 pg/ml) showed the highest cell viability withet light dose of 2.5 J/dmand

4.5 J/cm.

This indicates that the low light doses of 2.5 Jamd 4.5 J/cfhusing theoutput
power between 20 - 30 mW would be a better comimnatith the optimum PS
concentrations than 7.5 and 10.5 J/dar the killing of melanoma cancer cells. The
use of light doses 7.5 J/émand 10.5 J/chwith the output power between
20 - 30 mW required irradiation times in range3of 7 min. The possibility of PS
photodegradation with these irradiation times assed with light doses 7.5 J/ém
and 10.5 J/cfcould be the reason for the ineffective killingtbé melanoma cancer
cells. Apparently, studies have shown that segerkeration photosensitizers (e.g.
Foscan®) can be more readily bleached than firseggion photosensitizers (e.qg.
Photofrin). Patients treated with Foscan® demotedrathat 75% of the
photosensitizer in the tumor is bleached at the ehdn irradiation light dose
treatment with only 10 J/¢m Photobleaching has its advantages of theorsicall
helping to increase the therapeutic effects of Ribdviding that the photosensitizer
levels are higher in the tumors than surroundinglthg tissue (Macdonald and

Dougherty, 2001; Plaetzet al, 2009; Stewart, Baas and Star, 1998).

Unfortunately, healthy normal fibroblast and karatiyte cells were not affected by
PS degradation by the long irradiation times beeassthe light dose increased cell
viability decreased in most cases. Thus, therstdraseveral questions on the detailed
effects of photobleaching that still needs to b&ngered in order to understand its role

in photodynamic therapy.
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Lastly, for thisin vitro study the best suited light dose would be 4.5 Jfmthe
killing of most of the melanoma cancer cells wisparing most of the healthy normal

fibroblast and keratinocyte cells.

5.4 Light Treatment with a Pulsed Laser

Recently, the use of pulsed lasers in PDT is beegrodommon but its cytotoxic effect
is still not clear (Kawauchet al, 2004). Results in Figure 4.15 and Figure 4.16
indicated the cytotoxic effect of PDT on melanonaacer cells using a pulsed light
was significantly less than that using the CW ligimder identical experimental
conditions with a treatment light dose of 4.5 Jicmavelength of 672 nm and
photosensitization with either AITSPc (40 pg/ml) @nTSPc (50 pg/ml).
Unfortunately, the cytotoxic efficacy of the pulskeder was higher than that of the
CW laser for the killing of healthy normal fibrokteand keratinocyte cells. Therefore,
CW laser was more effective in killing more melarmooancer cells and less healthy
normal cells. Untreated cells exposed to femtosgécdaser remained viable this
helped to exclude the possibility that in the albseof PS the ultra-short pulses are

responsible for the destruction of the cells.

The output power varied between 2 — 12 mW for fetmoond laser experiments
therefore irradiation time (s) were longer than @v&diation time (s) to deliver the
treatment light dose 4.5 J/ énPilot studies were conducted with the CW laséngus
the output power between 2 — 12 mW to deliver htlidose of 4.5 J/ cmResults
demonstrated that 2 - 12 mW or 30 mW is accept#btlae irradiation time is
calculated to deliver a light dose of 4.5 J/?amith a beam diameter of 1 cm at a

wavelength of 672 nm. Several investigations hagonted in literature that the use
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of a pulsed laser of low power offers the same fratien to those of CW laser

(Miyamoto, Umebayashi and Nishisaka, 1999).

A further study is required to understand the mett@ particulars of the decreased

effect of PDT using a pulsed laser.

5.5 Cell Death Mechanism

5.5.1 Inverted Microscopy

A cell dying via programmed death or apoptosis haracterized by nuclear and
cytoplasmic condensation which leads to cell staggk Cell shrinkage is followed
by loss of the nuclear membrane, fragmentatiorhefriuclear chromatin, afterwards
formation of multiple fragments of condensed nucleaaterial and cytoplasm.
Necrosis is characterized by cell swelling rathent cell shrinkage because of the

cell-membrane damage (Miyamoto, Umebayashi andiddikh, 1999).

Under inverted microscopy theses morphological gearof cell shrinkage and cell
swelling are easily recognised in samples. Theographs in Figure 4.17 — 4.19
showed that under experimental conditions the Pi@atéd melanoma cancer cells
endured changes in morphology. Morphology changesal reduction in cell volume,

condensation of the nucleus and cell fragmentagieimg rise to apoptotic bodies that
were phagocytised by neighbouring cells, which draracteristics of predominantly

apoptosis.
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5.5.2 Transmission Electron Microscopy (TEM)
In addition to changes seen by the inverted miapgcultrastructural changes to the
PDT treated melanoma cancer cells have been dedchip transmission electron

microscopy (Figure 4. 20 — 4. 25).

Apoptotic cells possess distinct nuclear changeshwtan be detected with electron
microscopy (Hacker, 2000). At a late stage of apsiptthe observable changes using
an electron microscopy were nucleus condensation pgknosis, chromatin
condensation and fragmentation of the nucleus seteeral particles. When the cell
disintegrates these particles are packaged intptapo bodies and taken up by
phagocytes, and neighbouring cells. The early stdggpoptosis is detected by the
appearance of the nuclear chromatin into more densecked material along the
nuclear membrane and is known as the electron-deregéer under the electron
microscope (Hacker, 2000; Doonan and Cotter, 2008rature states that during
apoptosis a number of specific apoptosis-relatedh@mical events occur at the same
time and play in a role in the implementation o ttellular morphological changes.
The condensation and fragmentation of the nuclemddcbe caspase-mediated
(Hacker, 2000; Allen RT, Hunter Ill and Agrawal, 99. Caspase-dependent
apoptosis induces strong chromatin compaction e@saant shaped masses at the
nuclear periphery, while caspase-independent apgptoften results in lumpy

incomplete chromatin condensation (Doonan and €C&@98).

The changes to shape and structure of a cell uanhgy@poptosis are visible by light

and electron microscopy. The most common is thérygsmns from the dying cell

which are known as blebs. This continues for vayyimes in the apoptosis process
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(Hacker, 2000; Allen RT, Hunter Ill and Agrawal, 98. Also, the appearance of
cytosolic vacuoles can be observed and suggestdik toaused by the caspase-
mediated cleavage of Rabaptin5. Rabaptin5 disttibsmembrane turnover in an

apoptotic cell (Hacker, 2000).

Majority of these apoptosis characteristics angedawere noted in the melanoma
cells photosensitized with AITSPc and within 24dspirradiation (Figure 4. 21 — 4.
23). On the other hand, melanoma cancer cellsetleaith ZnTSPc and within 24 h
post-irradiation only displayed caspase-independpoptosis characteristics (lumpy,
incomplete chromatin condensation) as illustrate8ligure 4.25. However, pyknotic,
fragmented nucleus and chromatin condensation ateseen in cells dying via

necrosis (Ziegler and Groscurth, 2004).

5.5.3 Apoptotic DNA Ladder Assay: Agarose Gel Eleobphoresis

An agarose gel electrophoresis of DNA depictingcal ladder formation due to
endonucleosomal breakage or DNA fragmentation isegdly considered as a
reference or hallmark of apoptosis (Bortner, Oldegkand Cidlowski, 1995; Fournel
et al, 1995). In some cases, there is an absence aé¢arufragmentation which
occurs in apoptotic cells displaying large DNA fmaents (Fourneét al, 1995). Itis
currently unclear which type of DNA fragmentationtérnucleosomal or large DNA
fragmentation) is the best marker of apoptosissbuate form of genomic degradation

occurs in all apoptotic cells (Bortner, Oldenbungl &€idlowski, 1995).

A band pattern depicting DNA degradation was natednelanoma cancer cells

receiving PDT with the optimum AITSPc and ZnTSPaaantrations (Figure 4.26).
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Literature states that not all apoptotic cells wikplay the typical ladder formation
(Van Cruchten and Van Den Broeck, 2002). This caddur due to various reasons
such as not all cultured ceils vitro may accurately reflect the processes occurinng

vivo. For example, cells growm vitro may be prevented from exhibiting certain
apoptotic characteristics through the loss of digiaasduction pathways or metabolic
components. Also, several features of apoptosis as morphological characteristics
or internucleosomal DNA cleavage may be inhibit&br{ner, Oldenburg and

Cidlowski, 1995).

Therefore, DNA degradation remains a good indicat@poptosis, particularly when

ascertained with morphological characterizationr{Ber, Oldenburg and Cidlowski,

1995).
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CHAPTER 6

CONCLUSION

There has been a rapid increase in the numbeciafence of malignant melanoma in
the last decades. Its high mortality rate and pnoced therapy resistance pose a huge
challenge. Therapy resistance occurs mainly in gewh defects in apoptosis
(programmed cell death) signaling resulting in gheliferation of the cancer cells.
Defects in apoptosis may result from the inactomtof pro-apoptotic effectors,
activation of anti-apoptotic factors or from reirdement of survival pathways
(Eberleet al, 2007). Therefore, the design of a treatmet ROT has great potential
in offering an efficient treatment for skin cancBDT is a treatment that combines
drug (photosensitizer) and light (laser) to desttagcer cells by inducing cell death
(Katrin, 2002). The use of PS in cancer treatnier®t many benefits like different
administrative routes, selectively taken-up by eancells, a wide selection of
photosensitizers are available and treatment coratem of the photosensitizer can
be minimized accordingly. Thus, similar to standelnémotherapeutic agents, there is
an urgent need to improve on the current generatfgohotosensitizers to enhance

therapeutic efficacy (Wojtykt al, 2006).

In this in vitro toxicity study, the cytotoxic effect of differenbncentrations of two

third-generation photosensitizers (AITSPc: Alumintetrasulfonatedphthalocyanine;
ZnTSPc: Zinc tetrasulfophthalocyanine) on melanaraacer cells, healthy normal
skin dermal fibroblast and epidermal keratinocytlsc were investigated. The
efficacy of two different laser sources (continuowave and femtosecond) and
different light doses to activate both the photsgerers for the destruction of the

melanoma cancer cells was further investigated.tMoportantly, the mode of cell
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death induced in melanoma cancer cells by eachheset photosensitizers was

determined.

Results indicated that both AITSPc and ZnTSPc ekldark toxicity at high

concentrations between 60 pg/ml — 100 pg/ml in notea cancer cells.
Phthalocyanines with the incorporation of a subetit group (such as sulfo) are
capable of covalently binding to a suitable caragy. lipoproteins, which directs the
photosensitizer to the tumor without affecting thermal surrounding tissue
(Chidawanyika and Nyokong, 2009). This was cleaslyserved when the cell
viability of melanoma cancer cells were signifidgntdecreased with high
concentrations of both the photosensitizers, amdnibrmal healthy fibroblast and
keratinocyte cells showed an insignificant decreaseell viability excluding light

activation with a laser. Therefore, in the dark #ezumulation of both the PS in
melanoma cancer cells were higher than in healtignal fibroblast and keratinocyte
cells. Thus, high concentrations of both the Pl&simactive state were able to kill the

melanoma cancer cells without laser activation.

The cytotoxic effect of AITSPc and ZnTSPc on mefaaaancer cells were enhanced
with the laser light activation at a wavelength6@2 nm. A continuous wave laser
(diode laser) was used to deliver a light dose.5fMcnf. This experiment concluded
that PDT is a dose-dependent treatment. The caiatiems of the active AITSPc and
ZnTSPc which reduced cell viability of melanomaaancells to approximately 50%
(ECsg) while remaining non-toxic in their inactive statend would be considered to
cause minimal damage to normal healthy cells weganded to be the optimal

concentrations in this study. The optimal conceiumnafor AITSPc was 40 pg/ml and
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ZnTSPc was 50 pg/ml. These concentrations were usddrther experiments to
determine the efficacy of the light dose of 4.5mf/with otherlight doses, the efficacy
of the continuous wave laser with a femtoseconérland cell death mechanism

induced by each of the PS.

The light dose of 4.5 J/cndelivered by the continuous wave laser in combimati
with the optimal PS concentrations were thest effective in killing the melanoma
cancer cells while causing minimal destructionibodblast and keratinocyte cells, in

comparison to light doses of 2.5 Jfgm.5 J/crfiand 10.5 J/ch

An interesting finding during this study was thia¢ ight dose of 4.5 J/crdelivered
by a pulsed laser (femtosecond laser) in combinatwith the optimal PS
concentrations proved to be more effective inkglthe healthy normal fibroblast and
keratinocyte cells than the melanoma cancer cellsomparison to the continuous

wave laser.

The mode of cell death induced by AITSPc and ZnT&fter optimal conditions in
melanoma cancer cells was apoptosis. The DNA dagod accompanied by
microscopy photos of morphology and ultrastructwidnges in melanoma cancer

cells after PDT clearly showed characteristicsrogpammed cell death or apoptosis.

It is therefore possible that AITSPc and ZnTSPc dsn used as potential
photosensitizers in PDT for the treatment of maignmelanoma cancer. By using
lower concentrations of both these PS the podsilofiany dark toxicity is eliminated

and the amount of PS in healthy normal tissue asiced. Thus, injury to healthy
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normal surrounding tissue is minimised. Also, thmice of light source and light
dose in combination with the optimum or ideal P&aamtration is essential for the

effective killing of melanoma cancer cells in PDT.
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APPENDIX

Equipment

5% CQincubatoGalaxy, RS Biotech) with a humidified atmospher8&C
Inverted microscope (Axiovert 40 Zeiss, Germany)

Centrifuge (Sigma 2-16K, Germany)

Haemocytometer (Merck, Darmstadt, Germany)

Power meter (Nova, Ophir)

Plate reader (FLUOstar, Optima, BMG Labtech)

High pressure freezing device (EMPACT 2, Leica)

JEOL 2100F (200 kW) Transmission Electron Microscop

Spectrafuge Mini Centrifuge Model C1301 (Labneetnational Incorporation)
Gel Tank (Bio-Rad, Laboratories Incorporation)

Nanodrop ND-1000 Spectrophotometer

Consumables

T-25 cell culture flask (Greiner Bio-One, Cellstaasec, South Africa)
T-75 cell culture flask (Greiner Bio-One, Cellstaasec, South Africa)

50 ml centrifuge tubes (Lasec, South Africa)

6-well tissue culture plates (Greiner Bio-One, &tall, Lasec, South Africa)

24-well tissue culture plates (Greiner Bio-One,|€lat, Lasec, South Africa)

RPMI-1640 medium without L-Glutamine (Lonza, Wakkétle, USA)
Foetal Bovine Serum (FBS; Gibco - Invitrogen)

Penicillin/ Streptomycin (Lonza, Walkersville, USA)
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Non-essential amino acids (NEAA; Sigma, St.LouiSAY

Eagles Minimum Essential Media (EMEM - Lonza, Watkelle, USA)

Hank’s Balanced Salt Solution (HBSS; Sigma, St.EpUISA)

0.25% of Trypsin-EDTA solution (Lonza, WalkersvijlldSA)

0.4% Trypan Blue (Sigma, St. Louise, USA)

Dulbecco’s Phosphate Buffered Saline (PBS: Sigrhd,daiise, USA)

CellTiter Blué® Reagent (Promega Corporation)

Seakerfi LE Agarose (Lonza, Walkersville, USA)

6 x Orange Loading Dye (Fermentas, UK)

Gene Rule! DNA, Mix Ready-To-Use (Fermentas, UK)

Fibroblast Basal Medium (FGM®2 Bullet kit°, Clonetic§, Lonza, USA)
supplemented with insulin, rhFGF-B, GA-1000 and FESM-2° SingleQuot§,

Clonetic$, Lonza, USA)

Drugs or Photosensitizers
Aluminum tetrasulfonatedphthalocyanine (AITSPc)

Zinc tetrasulfophthalocyanine (ZnTSPc)

Light Source: Lasers
Diode LaserX = 672 nm) — continuous wave laser (CW)

Femtosecond Lasek € 672 nm) pulsed laser
Preparation of transport medium

96 ml of HBSS

2 ml of Pen/Strep and 2ml of gentomycin
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Preparation of dispase solution

1 ml of dispase into 9 ml of HBSS

Preparation of 1% Agarose-DNA gel

Fill 1g Agarose in an Erlenmeyer-flask and add a0 BE-buffer. Place the flask
into a microwave oven and heat at maximum enenggl.l©bserve the solution (do
not over heat).Microwave until agarose is completitsolved. Cool solution and

add 5ul of ethidium bromide.

Preparation of TBE buffer
Dissolve 5.4 g Tris, 2.8 g boric acid in 800 mitdlsd water and add 2 ml of 0.5 M
EDTA solution. Stir until dissolved, final pH 8.04ake up to mark (1 liter) with

distilled water.

Preparation of samples for Transmission Electron Mtroscopy: Embedding
* Fixin 2,5% glutaraldehyde in 0,075 M phosphattds(ipH 7,4 ) for 1to 2 h
at room temperature
* Rinse each sample in 0,075 M phosphate buffet@amnin (3 times)
* Fixin 0,5% agueous osmium tetroxide (work undendthood) for 1 — 2 h
* Rinse in distilled water (3 times)
* Dehydrate in ethanol (30%, 50%, 70%, 90%, 100%%4,000%) for 10 min
* Material may be stored in 100% ethanol for a fewsda
e Infiltrate with 30% Quetol in ethanol for 1 h
* Infiltrate with 60% Quetol in ethanol for 1 h

» Infiltrate with pure Quetol for 4 h or longer.
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Infiltration and embedding must be done in one day
Polymerise @ 60°C for 39 h

Cut ultrathin sections, pick up on copper grids

Stain for 10 min in 4% aqueous uranyl acetateserin water
Stain for 2 min in Reynolds' lead citrate, rinsemvater

Cut 0,5 pm monitor sections

Stain in Toluidine blue

Mount in immersion oil
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